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CONTROLS ON STREAM DISSOLVED ORGANIC CARBON CONCENTRATION IN SEVERAL 
SMALL CATCHMENTS IN SOUTHERN QUEBEC 

Bernard Eckhardt 
McGill University 

Abstract- Dissolved organic carbon (DOC) concentration in stream Wdll'l" 
was predicted from catchments (0.6-37 km2) using simple and multipll' 
regression based on physical characteristics of the catchlllt'nts. Phys 1 !''\ 1 
characteristics such as drainage class, percent:age wet land. aI\(l hl OP!' 

were easily obtainable from maps, aerial photogrdphs. ,llld pub! i Cd l illlh 
Prediction of DOC concentration was carried out in two phase!> TIH' 1 il '.l 
phase involved 8 catchments and a simple regression of In(DOC) .lg,till',l 
In(drainage) had an r 2 of 0.89. The catchments ranged in 5 i Zt' (rom \ t Il 

9 km2 and were divided into four wetland and four lIon-wetl,llld 
catchments. The second phase involved 42 catchment.s rllngi IIg III !:. i ?~\ 110111 

0.6 to 37 km2 This phase of the study was further brokell e!own hy hdlllph· 

date and region and a multiple regression was used The In(DOC 
concentration) was predicted using drainage class. ~wrc('ntag{' Wl't lcllld. 
and slope and the r 2 values ranged from 0 32 up to 0 13 

Seasonal variations in DOC concentratlon wel"l' dpll'l'lIIilwd lISilll', lhl' 
residuals of a regression of In(DOC) again~t Jul idll ddle. plOllNI 
against the Julian date. Seasonality was shown by il !>iIw-w,lVe pdt ll'l'n 
(Grieve, 1982). Only three non-wetland catchmenUo. (111 LI\(' fi l".1 ph .. ·.!·) 

exhibitad this sine-wave pattern Patterns in the ottwr ) cdtchllll'llt<, 
could not be ascribed to ~eason alone. Seasonal vdrLlt iOll!> in ll\l' Il; 

catchment group were shown by the changing predicllvl' ,ïbi li ty of 1111' 

model over a four month period Seasonal variatiotlb in ('l('clrtl',tl 
conducti~ity (Ec), pH, cations, and anion~ wcre nlbo observee! 

Discharge was found to be positively relatf'e! tü DOC COIICl'lIt l'dt 1011 

for non-wetland catchments, but the relatioll~hip wn<, nol !>igllilicillll (01 

wetland catchments. Differences in DOC bources. !>ink<" .,toraEC' ,lrhIS. 

and pathways between the two types (wetland and non-wet land) 01 
catchments were responsible for the different dibchdl'g(' relalion.ship<. 
Changing season also caused changes in the sourceb, billkb. slora~~(O 

areas, and pathways which caused different DOC concentratioll<' in ~l n'dlll', 

over the study period. 



EVALUATION DE LA CONCENTRATION DE CARBONE ORGANIQUE DISSOUS DANS LES 
GOURS 0' EAU DE PLUSIEURS PETITS BASSINS HYDROGRAPHIQUES DU SUD DU QUEBEC 

par Bernard Eckhardt 
Université McGi11 

Résumé· La concentration de carbone organique dissous (GOD) dans les 
eaux de drainage a pu être déterminée par une analyse statistique 
(régressions simple et multiple) des caractéristiques physiques de 
pE'tits bassins hydrographiques (entre 0.6 et 37 km2 de superficie). 
L'étude de cartes, photographies aériennes et autres documents a permis 
de déterminer des caractéristiques comme le drainage, le pourcentage de 
t<,rres mal draineps ainsi que la pente. Dans un premier t~mps, une 
régression multiple [ln(COD) en abscisse et ln(drainage) en ordonnée] 
effectuée pour 8 bassins hydrographiques ayant entre 3 et 9 km2 de 
superficiE' a révélé une valE'ur de r 2 de 0,89. Quatre de ces bassins 
avaient des conditions de drainage médiocres. Dans un deuxième temps, 
42 has.sin.s versants ayant entre 0.6 et 37 km2 de superfic~e et ayan~ 
prealablement &te subdivises par région et date d'échantillonnage ont 
été analyses par la méthode de r6gression multiple Les donn~es 
relatives au drainag<', a la pentE ainsi que le pourcentage des terres 
mal drainecs ont permis d'evaluer ln(concentration de COD) lES valeurs 
dc' r 2 Vilda ipnt entre 0,32 et 0,73 

Un gt'aphiqul' mettant en cause le résidu d'une régression dc 
In(GOD) en foncuon de ln(jour Julien) en abscisse et le jour julien en 
ordonnee d permih de determiner les variations saisonnières (observables 
sous Id forme d'ohcillations sinusoldales) de la concentration de COD. 
TOlltpfoi.s, 011 a observe de telles oscillations que dans le cas de trois 
bnssins bit'Il draine~ (SUl' les hui.:: premiers analyses) Il a été 
lmpo~sibl~ d'associpr le pattern observable sur l'image graphique des 5 
alltr~s bassin~ unlqUf'ment aux variations saisonnières Les variations 
saisonnlerf'.s ddn& le cas des 42 bassins hydrographiques se sont 
tradui tp.s p~il- unp variat Ion des performances du mode le sur une periode 
df' 4 mois Dps variation& sdisonnieres des valeurs de conductivité 
(>lpctriqu~, du pli ,1111Si que du nombre de cations et d'anions ont par 
ailleurs ete observees. 

On a pu etablir unE' reldtion croissante entre la quantité d'eau 
provPlwllt des bassins bien drainés et la concentration de COD. Une 
tplle l'dation n'a pu être determinee pour les zones mal drainees. Les 
differPllcPs obtenu('s d'ull bassin a un autre dans les relations COD en 
fonction de Id Quantite d'ecoulement s'expliquent par la diversité de 
sources, pllit.s, .:011("5 de transit et type d'ecoulement des eaux de 
ruissellement, sdon les caracteristiques physiques des bassins. Par 
dilleur&, l'pffet du changE'ment des saisons sur les source~, puits, 
zones de tral1sit et type d'ecoulement s'est traduit par des variations 
d(' cOl\cl'ntrdtiol\ dl' COD dans l'eau. 
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CHAPT ER 1 

INTRODUCTION 

Dissolved organic carbon (DOC) in stream water is important fol' 

several reasons: a) as DOC concentration increases the pH of water 

generally decreases; b) DOC-rich waters are generally dark-coloured and 

light penetration is reduced, thereby affecting bi010gical activlty in 

streams and lakes; c) DOC has the ability to complex metélls from sail aud 

transport them into streams, causing higher than normal concentrations of 

metals in solution and sediments; d) unpleasant tastes can occur in DOC-

rich water; and e) chlorination of DOC-rich water can produce 

carcinogenic compounds (Jackson, 1975; Caine, 1982; Thurman, 1985). 

DOC found in stream water is a combination of fulvic and hUllIic 

acids and other organic carbon compounds in dissol ved form (Weber and 

Wilson, 1975). Humic acid may be a by-product of decomposition of the 

original lignin structure of plants, but Geissman and Crout (1969) point 

out the difficulty of characterising humic acids lies in the fact thllt no 

two humic acid by-products of 1ignin decomposition are alike. Wallis et 

al. (1981), McDowell and Wood (1984) and Thurman (1985) have shawn thllt 

humic and fulvic acid concentrations in groundwater are functions of soil 

depth and soil adsorption characteristics. Shallow soUs tend to supply 

both humic and fulvic acid while deeper soils supply less (or zero) 

fuI vic ac id. 

In general, humic substances found in streams are of 

allochthonous origin from sail and plant material. In stream water, 

1 



fu1vic acid generally comprises 85% of the humic substances while humic 

acid makes up 15% (Thurman, 1985). The major functiona1 groups of fu1vic 

and humic acids are carboxyl, hydroxy1, carbony1, 1esser amounts of 

pheno1ic hydroxy1, and traces of carbohydrates and amino acids. DOC 

concentrations in streams range from 0.5 mg/1 to 10 mg/1 in c1ear water 

and from 10 to 50 mg/1 in darker tea-co1oured waters (Thurman, 1985). 

Wet1and waters have higher concentrations of fu1vic and humic 

acids than 1akes and rivers. The fu1vic and humic acids make up 70 - 90% 

of a11 DOC in wet1and water (Thurman, 1985). The humic substances 

5upplied by emergent plants i5 the main reason for the higher fu1vic and 

humic acid percentages. Humic substances common1y buffer pH of water and 

transport trace meta1s, such as iron, a1uminum, copper, cadmium and 

chromium (Sh01kovitz and Copland, 1981; Tipping, 1981; Thurman, 1985). 

DOC concentrations of wet1and water range from 10 ta 30 mg/l and can be 

higher (Thurman, 1985). The higher DOC concentration may be due to slow 

decomposition of plant matter, which is in turn due to water10gging of 

soils, lack of oxygen, and low pH (3-4). The 10w pH causes fungi to be 

one of the major organisms of organic decomposition. Under anaerobic 

conditions fungal activity ceases and humic substances can accumu1ate in 

the water (Thurman, 1985). 

SOURCES, SINKS, AND STORAGE AREAS OF DOC IN CATCHMENTS 

Sources and Sinks of DOC 

Stream DOC cao be derived from either terres trial or aquatic 

sources. Source areas of DOC in a catchment are plant material (live and 

decomposing), animal (living and decaying tissue), animal and microbial 

respiration, and any other organic substances (e.g. peaty soi1s, organic 

2 



soil horizons) that produce humic and fulvic acids or organic carbon 

compounds that subsequently dissolve in water. Of importance to this 

study is the determination of whether catchments with a significant 

wetland are a produce higher DOC concentrations in stream water than nOI1-

wetland catchments. 

Table l lists the sources and storage areas of DOC whieh can 

act separate1y or in conjunetion with precipitation to supply DOC to 

streams. As indicated by Table 2, precipitation supplies little DOC (1 -

3 mg/l) as a soures, but as a transport meehanism (i.e. throughfal1 and 

stemf10w) it can 1eaeh organic matter from vegetation. Precipitation, 

therefore, can help re1ease DOC from other sources and storage nrCHS, 

such as vegetation, wetlands, and organic soil horizons. 

DOC compounds can be leached off vegetation surfaces and rN)ch 

the ground surface either by fa11ing directly (leaf drip) or by flowin~ 

a10ng stems and trunks. Both sources can supply DOC either direct1y to li 

stream or indirectly by fal1ing on the ground surface and then moving 

toward a strenm. Throughfall and stemflow concentrations range from h'~.b 

than 10 up ta 356 mg/l (Table 2). The input of DOC from vegetation 

changes throughout the year and reaehes a peak during the growing SCll~O[1 

and surnmer (Meyer and Tate, 1983; McDowell and Wood, 1984). New1y shed 

leaves falling into the stream can release DOC during the growing fleason 

and autumn (Mu1holland, 1981; Meyer and Tate, 1983; Tate and Meyer, 

1983). 

Ground sources of DOC include leaf 1itter and other plant 

material, soil organic horizons, and organie matter in the soil. Leaf 

litter can release DOC into either overland flow or into the underlying 

3 



TABLE 1 

Sources and Storage Areas of DOC Within a Catchment 

SOURCES 

Precipitation 
Terrestrial Vegetation (living) 

Aquatic Vegetation (living) 
Sail Organic Matter 

Stream Channel Sediments 
Suspended Sediments 

Peat 
Decaying Plant Ma\erial 
Leaf Litter And Branches 

STORAGE AREAS 

Soil Horizons 
Dry Stream Channel Sediments 

Channel Pools 
Organic Matter (terrestrial) 

Organic Matter (aquatic) 
Stream Sediments 

Leaf Litter 
Sail Around Tree Bases 

soi1 through infiltration. Leaf 1itter and twigs can a1so be b10wn into 

streams by winds, creating another source of DOC (Meyer and Tate, 1983; 

McDowe11 and Wood, 1984). DOC re1eased into over1and f10w can reach 

streams quick1y and cause an increase in DOC concentration in the 

stream. Because saturation of 1eaf litter is dependent on precipitation, 

this source of DOC i5 genera11y on1y avai1ab1e during storm events and 

when leaves are present on tlle ground. In the absence of over1and flow, 

DOC leached from the saturated 1eaves will infiltrate the underlying 

sail or f10w through organic horizons and it may take several years 

before the DOC reaches a stream (Wallis et al., 1981; Meyer and Tate, 

1ge3) or the DOC may be partial1y adsorbed by 50 il horizons that contain 

iron and aluminum oxides (McDowell and Wood, 1984; Thurman, 1985). 
4 
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TABLE 2 

Observed DOC Concentrations From Different Sourc<,s and 
Pathways in a Catchment (aIl values in mg/l) 

Study 

Da1va 
(in press) 

Foster & Grieve 
(1982) 

Meyer & Tate 
(1983) 

Moore 
(1989) 

Moore & Jackson 
(1989) 

Mu1holland 
(1981) 

Wallis et al. 
(1981) 

ppt: 

1 - 3 

1 

1 

1 

3 

thfl stem seep sow 

8 - 16 18 - 105 

25 * 

0.3-0.7 

16 356 12 

21 47 46 

18 29 

8 6 - n 

soh 

56 

46 

-Note: ppt~precipitation; thfl-throughfall; stem-stemflow; 
seep=seepage from groundwater and springs; sow-soil water; 
soh-soil organic horizon. *-value ls an average of 8 slIIllplC'!'l. 

Sail organic horizons and peat soils supply DOC to local 

streams either through groundwater (in weil drained solls) or overland 

flow and shallow subsurface flow (in bogs and other wetLllIu!s). ln shallow 

soils, where the absence of horizons with high concentrations of Iron and 

a1uminum oxides 1imits DOC adsorption, su!>surfac(\ fl()w 1II0v('<; DOC 

compounds through the soil into local streams faster than ~roundwat('r 

f10w through deeper soils. The significance of the llfllount: of DOC suppl 1('(\ 

from organic horizons is dependent on soil depth, precipitation input, 

and antecedent wetness conditions (Wallis et al., 1981; Tllylor and 

Pearce, 1982; Meyer and Tate, 1983) . 
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In-stream sources of DOC are not directly related to the input 

of precipitation and are relatively constant suppliers (dependent on 

tempe rature and season) (Mulholland, 1981; Meyer and Tate, 1983). Channel 

sediments, benthic organisms and in-stream plant material (living and 

dead) supply organic materials to the stream that can form DOC compounds. 

In-stream sources may not fluctuate with changing discharge during storms 

(unless velocity of storm flow rises above a threshold level), as do 

terres trial sources, but in the absence of input from terres trial sources 

these in-stream sources can be depleted (Wetzel and Manny, 1977; Meyer 

and Tate, 1983). Channel sediments can collect in still water and pools 

in the stream bed where velocities are reduced. Areas in the stream bed 

where organic-laden material accumulates are termed retention devices 

(Naiman, 1982). Naiman (1982) and Clair and Freedman (1986) include 

waterfalls and ponds formed behind beaver or debris dams in the 

definition of retention devices. Mulholland (1981) showed how muck on the 

bot tom of swamps can he a source of DOC during hot weather when the 

materinl worms and rises from the bot tom toward the surface liberating 

stored DOC. 

Benthic organisms, such as insects, invertebrates, bacteria, 

algne, and microbes can break down vegetation particles that fal1 into or 

grow in streams. Respiration of aquatlc organisms, of aIl sizes, produces 

COz which Cill1 he used in the formation of organic carbon compounds in the 

stream water (Mulholland, 1981). Terrestria1 organisms (e.g. leaf 

shr(>ddprs) CRn supply plant material to streams which decompose and 

produce DOC (Meyer and Tate, 1983). Aquatic plants are also sources of 

DOC. Decomposition of woody fibres in stream water can release DOC into 

tlH' stream throl.lgh lignin break down processes (Geissman and Crout, 

1969) Rdtes of DOC production from biologic sources are dependent on 
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stream water tempe rature and production increases during thE' growing 

season (Meyer and Tate, 1983). 

Storage Areas of DOC 

Table 1 lists areas where DOC can remain stored until releas('d 

by a precipitation event. Several storage areas are the same as sources, 

with one difference. Storage areas are not true sources because they do 

not produce new DOC compounds, but supply stored DOC to the hydrologie 

system under certain conditions. During storm events and flood flows tlll' 

storage are as become sources of DOC but they are secondary not pri"mry 

sources. As discharge increases, the submerged are a of the channel wid('ns 

causing any stored DOC in the formerly dry stream bed to be rele<ls(ld nnd 

added to the flood flow DOC concentration (Meyer and Tate, 1983). Any 

dried soil that had DOC-rich water in it at saturation will be able to 

supply DOC to the stream during a fl.,od flow that cau~es the soi 1 to onet' 

aga in become saturated. 

Terrestrial storage areas include the bases of trees (where 

stemflow collects), leaf litter, twigs and larger stem part& that have 

fallen to the ground, organic matter in soil and dry stream channels 

(saturated or filled during flood flow) , and soil horizons that ad&orb 

DOC. These storage areas are aIl precipitation-dependent and can only 

supply DOC during storm events when they are saturated or wettcd. 

In-stream storage areas are similar to their terrestriol 

counterparts in that they store DOC produced elsewhere and release it 

only under certain conditions. During baseflow condition& when I>trewll 

velocity i5 reduced (relative to storm flow) DOC-rich sediment& and [n·(· 

floating DOC compounds can accumulate in still water and pool& in the 

stream channel. Retention devices can be clas&ified a5 storage areaA of 

DOC as weIl as sources (Naiman, 1982). Storage areas hecome sources as 

7 
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the discharge increase~ and velocity rises sufficiently to flush out the 

~till and pooled parts of the channel. 

Foster and Grieve (1982) and Meyer and Tate (1983) discussed 

the influence of successive storm events on the storage areas in 

catchments. There appears to be a flushing effect caused by the 

successive wetting of storage areas over a period of time. Storage areas 

can become depleted of DOC if the y dry out between flood events. The time 

frame for flushing effects can be short (several weeks) or long (decades) 

according to Meyer and Tate (1983) and on1y long term data collection can 

establish a pattern. 

TRANSPORT OF DOC TO STREAMS 

Table 3 indicates the various pathways taken by water to reach 

a stream. In the previous section, several of these pathways, associated 

with precipitation (i.e stemf10w, throughfall, and leaf drip) , are 

discussed in conjunction with the sources and storage areas. Quickflow is 

of importance to the transport of DOC within a catchment. Wind is an 

important factor in carrying dust particles into a catchment and moving 

lenf litter, sticks and sediment into streams. Precipitation not only 

gel1erates stemflow, throughfall and leaf drip, it is instrumental in 

increBsing the rate of f10w of groundwater (Lewis and Grant, 1979; Sk1ash 

and Farvolden, 1979; Wallis et al., 1981; Anderson and Burt, 1982; Taylor 

and Pearce, 1982; Tate and Meyer, 1983). 

Meyer and Tate (1983) proposed four potential sources within a 

catchment for increased DOC concentration during storms. The four sources 

are: a) surface flow carries stored terrestria1 DOC into streams; b) 

direct throughfall adds DOC to streams bypassing the soil matrix; c) 

particulate organic matter from previously dry streambeds can supply 

8 



1eached DOC ta the stream; and d) DOC a1so can come from storage in t1lt' 

streambed and intermittent channe1s that are disturbed by flood flows 

(Meyer and Tate, p 39, 1983). As the amount of water availab1e for 

transporting DOC within the catchment increases, sa do the number of 

potentia1 sites for DOC supp1y. The stream DOC concentration illcreases 

and more DOC is transported through the catchment. Streamflow ls no 

longer the on1y means of DOC transport in the catchment as over1and f10w 

(where conditions warrant), subsurface flow, throughfall, stemflow, and 

return flow aIl add ta the movement of DOC. 

TABLE 3 

Pathways of DOC ta Streams 

Pathway Direct Indirect 

Precipitation x x 
Stemflow x x 
Throughfall x x 
Over1and Flow x 
Subsurface Flow x x 
Quickf10w x 
Root Channels x 
Animal Burrows x x 

-Note: Direct means leading or falling directly 
ante the stream surface; Indirect means 
falling onto the ground and infiltrating 
in ta the sail before reaching the btream. 

Storm events are very important in the overs11 tran&porl of DOC 

from a catchment, not only do the y cause increased movement of DOC dur 11l1~ 

precipitation events, they also supp1y the sail moisture and groundwalur 

that account for the movement of DOC between storm events. Table 4 

summarizes previous studies on stormf1ow and DOC concentration. 
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Table 4 

Effcct of Stormf10w on DOC Concentration in Stream Water 

Study Site [DOC) lIydrograph 

Anderson &. Burt Eng1and inc F 
(1982) 

Foster &. Grieve Eng1and inc 
(1982) 

Gricvc Scot1and inc * F 
(198'~) 

Lewis &. Grant Colorado inc 
(1979) 

Meyer &. Tate North Carolina inc B 
(1983) 

Moore New Zealand inc R 
(1989) 

Mool-e &. Jackson New ZClllllnd iue ** F 
(1989) 

Mu1hollnnd North Carolina ine * 
(1981) 

Naiman Quebec minimal 
(1982 ) 

Note: inc-increase of DOC with increase in discharge; dec-decrease of 
DOC wi th incrense in discharge; F-DOC concentration higher on 
falling 11mb of hydrograph; R~DOC concentration higher on the 
rising 1imb of hydrograph; B-both rising and fa11ing 1imbs, of 
di[[prent slarms, show increases; -=no stated relationship; 
*-wetland catchments; **-bath wetland and non-wetland catchments. 

QuickC1aw rcsponse ta storm events is a functian of topography 

and antecedent wetness conditions (Taylor and Pearce, 1982) and can cause 

n rlSl' in DOC ('OllCNllration in a strl'am. Throughflow is another term uscd 

lo d('scribe the> movement of water through the soil system of a catchment 

(Burt, 1979; Andl'rsan and Burt, 1982), In Southern Quebcc, Dunne et al. 

(1975) identified saturation overland flow to be the dominant quickflow 
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response on shallow, less permeable sail of gentie slope. Other areas il\ 

Southern Quebec with steeper slope exhibit rapid subsurface flow insteml 

of overland flow (Dunne et al., 1975). In arid regions and areas of 

degraded agricu1tural land, Hortonian overland flow ean be observed 

during intense rainfa11 events (Taylor and Pearce, 1982; Ward, 1984). 

Wallis et al. (1981), Taylor and Pearce (1982), and 

Pearce et al. (1986) identified macro-pore flow as a component of 

subsurface flow. Macro-pores are created by animal burrows and root 

channe1s that no longer have living roots in them. Under certain 

conditions of rainfall intensity and saturation, the amount of f10w 

through macro pores can be significant (Sklash and Farvolden, 1979; 

Wallis et al., 1981; Taylor and Pearce, 1982). Other forms of rapid 

subsurface flow include pipeflow, flow over bedrock (at depth), and flow 

over an Impermeable layer of clay or fragipan (Anderson and Burt, 1982; 

McDowell and Wood, 1984; Crabtree and Trudgi11 , 1985). 

The key in the explanation of quickfiow response 15 the size 

and dynamic nature of the area of the catchment contributing ta the t10w 

of water (Dickinson and White1ey, 1970; Harr, 1977; Taylor and Pearee, 

1982; Taylor, 1982; Ward, 1984). The contributing area concept states 

that the Rrea of the catchment that contributes to the quiekflow is 

determined by rainfal1 intensity, anteeedent wetness conditions, 

topography, and water table e1evation (Taylor and pf'aree, 1982) 

Quickf10w yie1d increases with rainfa11 and anteeedent wetnpss 

conditions. Saturated areas around the stream should be the on1y aren 

where saturation over1and flow occurs except when heavy rainfall and 

antecedent wetness conditions cause more area to be saturated (Sk1ash and 

Farvo1den, 1979; Taylor and Pearce, 1982; Meyer and Tate, 1983). The 

expansion of the saturated area is further limi ted by the ~oil 

11 
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characteristics and slope of the catchment (Black, 1970; Taylor and 

Pearce, 1982, Ward, 1984). Subsurface quickflow will occur where 

saturated overland flow does not, that is in are as where conditions are 

right for subsurface flow. Soil characteristics and slope again control 

the appearance of subsurface flow. Antecedent wetness conditions and 

rainfall determine which form of quickflow will occur in areas not 

saturated prior to a storm event (Sklash and Farvolden, 1979). Catchments 

with steep slopes and wide valley bottom wetlands can exhibit both 

saturation overland flow and subsurface flow while catchments with steep 

slopes and no wetland or narrow valley bottoms are more likely to exhibit 

only subsurface flow. 

Under baseflow conditions water is supplied to streams by 

groundwater and soil moisture (Hewlett, 1961; Hewlett and Hibbert, 1963) 

and transport of DOC to streams is a slow process. The 10w DOC 

concentration of groundwater (0.2 - 1.0 mg/l) means that very 1itt1e DOC 

ls added to streams from terrestrial sources during times of basef1ow. 

In-stream sources are responsible for the majority of DOC during basef10w 

and the transport of DOC is governed by stream flow. Thurman (1985) 

discussed the importance of in-stream production of DOC during baseflow 

conditions and indicated that quiet pools and eddies in the stream 

channel may bpcome storage aress of DOC. 

Transport of DOC to stresms can be interrupted or changed by a 

disturbance within the catchment. Disturbances change the sources, sinks, 

storage areas of DOC and the hydrologie pathwsys taken to reach the 

stream. Removing vegetation by clear-cutting or by other me ans reduces 

one of the major inputs of DOC ta the catchment. Remova1 of vegetation 

also exposes thp ground to precipitation and eroslon of sail and/or soil 

compaction cause the pathways of water to be a1tered. Subsurface flow may 

12 
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be replaced by overland flow, bypasslng sou orgllnlc horizons. Wllh 110 

input of DOC from covering vegetation, sail organic horizons will b~ 

leached and become less and 1ess importAnt IHI a sauret' of DOC. 

Severa1 studies have bE'en conducted to ass('ss Lh" efft'cts of 

disturbance on catchments (Meyer and Tate, 1983; Tate and Mf'yer, 1983; 

Moore, 1989; Moore and Jackson, 1989). Moore (1989) and Moore and Jackson 

(1989) conc1uded that disturbance (clearing of vegetation) do('s cause 

changes in the DOC concentration in streams and that different degrees of 

disturbance (complete clearing versus leaving some materlal b('hlnd) ClIlIS" 

different DOC concentrations in similar sized catc~nents. 

Meyer and Tate (1983) and Tate and Meyer (1983) InvcstlgaLed 

the effects of disturbance and successiona1 regrowth of vegetatIon on DOC 

concentration in stream water at the Coweeta watershed ln Norlh Carollrlll. 

They looked at four different catcluncnts with different historIes of 

disturbance and conc1uded that there wc>re difierences ln DOC 

concentration in the streams of the four catchments. Theyestabllshcd 

there was a seasonal pattern to DOC concentration that was simllar for 

aIl of the study catchments regardless of the type of dlsturbllnce. 

The transport of DOC is n functlon of the sources, sinks, alld 

storage areas of DOC and the hydrologic pathways in the catchment. The 

above review has shown that DOC is released from sources and storagp 

areas in response to precipitation events and water stored in the soil 

and groundwater. Studies have found that sources, sinks and storage arc;ls 

remain balanced over long periods of time and DOC cOlwf'nl rnt.lon ill strNl1II 

water ls 1argely deterlllined by the mnount of wllter avnllahlp la trllrtsport. 

it through the catchment's hydrologie system. The balance Is upset when 

there i5 sorne form of disturbance, although as McDowel1 and Wood (1984) 
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pointed out for Hubbard Brook, this is not a1ways the case. Disturhances 

tend to alter the sources, sinks, storage areas, and/or hydrologic 

pathways to a certain degree that either more or less DOC is transported 

(Wetzel and Manny, 1977; Dahm, 1980; McDowe11 and Wood, 1984). Meyer and 

Tate (1983) found that as a catchment recovers from disturbance it will 

eventually return to the pre-disturbance balance unless the catchment is 

greatly a1tered from it's natura1 state. 

DOC VARIATIONS BETWEEN CATCHMENTS 

The above discussion has focused on the hydrology of DOC 

movement from source to stream within a catchment. For well-drained non-

wet1and catchments, the hydrologie pathways allow DOC to pass into the 

soi 1 more rapidly, where it can be adsorbed in subsurface soil horizons 

more readily than in poorly drained or wetland catchments. Poor1y drained 

('atchments have impediments to downward movement of water in the soil and 

therefore, lateral f10w occurs bypassing DOC-adsorbing horizons. Wetland 

areas in poorly drained catchments are major sources of DOC where plants 

and organic soi1s are saturated and often waterlogged for periods of 

time. Well-drained catchments tend to have fewer impediments ta water 

flow than the poorly drained catchments and in soils without DOC 

adsorbing horizons the DOC-ri ch water can flow through quickly. 

Non-wetland Catchments 

The quick passage of DOC through well-drained catchments can 

be seen in the DOC concentration:discharge relationship during stormflow 

(Table 4). As the storm event begins the DOC concentration begins ta 

rise. The peak in DOC concentration is reached just after the storm event 

ceases and there is a rapid decrease back ta pre-storm concentration. In 
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Table 4 it was shown that the DOC concentration was hir,h('st on th(' l'Ising 

1imb of the hydrograph for the non-wet1and catchments. DOC is positivt'ly 

related to stream discharge (Q) in the non-wC'tland cntchm('l\ts aA shown ln 

Table 5. The size of the contributing area (1. e. sourc('s of DOC) 

f1uctuates during the storm and fotlows the 511111(' patlf.'l"t\ as t he DOC 

concentration (increasing toward the storm peak, then falling as the soil 

drains). 

Table 5 

Re1ationship of DOC to Discharge 

Study Site Area (ha) DOC:Q Love1 of 
Signtficance 

Clair & Freedman Nova Scotia 87 - 2950 0.01-0.001 
(1986) 

Foster & Grieve Eng1and 95.2 0.05 
(1982) 

Grieve Scot1and 65 + O.OC:; 
(1984) 

Lewis & Grant Colorado 664 + 0.05 
(1979) 

Meyer & Tate North Carolina 59 - 61 + 0.05 
(1983) 

Moore New Zealand 1.6 - 8.3 + 0.05 
(1989) 

Moore & Jackson New Zea1and 9.9 - 11.6 +1- 0.01 
(1989) 

Mulho11and North Carolina 800 -/t 0.05 
(1981) 

Naiman Quebcc 2.5 - 198,710 0.01 
(1982) 

-Note: ." negative at high discharge and positive at 10w 
discharge (Q). 
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Physical characteristics of the catchment de termine how quickly 

DOC will reach a stream during storm events. Good drainage and increased 

slope allow precipitatiùn to infiltrate and percolate downward. The 

presence of DOC-adsorbing horizons in the sail reduce the amount of DOC 

that will eventually reach the stream. Source areas in wetland catchments 

are able to supply more DOC to drainage waters th an non-wetland source 

areas. For these reasons DOC concentration of non-wetland catehments is 

lower than for wetland catc}lwents. The hydrologie pathways in well

drained soils are related primarily to the slope of the catchment (Reid, 

1973; Weyman, 1973; Taylor and Pearee, 1982). Soil drainage is also a 

function of the slope and the underlying material (Hew1ett and Hibbert, 

1963; Reid, 1973; Weyman, 1973; Burt, 1979). The absence of wetland, 

where water tends to stagnate, means that well-drained soils will allow 

DOC-rich water to pass below the surface and be dealt with in the 

subsurface pathways. 

During baseflow conditions the output of DOC from terrestrial 

sources Is reduced and the majority of DOC is supplied from in-stream 

sources and storage areas (Thurman, 1985). Subsurface flow from 

groundwater has very low DOC concentrations (Wallis et al., 1981). The 

absence of a wetland area that can supply stored DOC to the stream, even 

during baseflow conditions, is another reason why non-wetland catchments 

have lower DOC concentrations than wetland catchments. 

Wetland Catchments 

Hydrologie pathways in wetland catchments are not as clearly 

defined as in non-wetland catchments. One reason for this is wet1and 

catchments tpnd to have both saturation overland flow and subsurface 

flow. The presence of wetland are as that can supply terrestrial DOC in 

16 



, 
1 addition to in-stream DOC during baseflow is anothe-r reason why wt'tlnnd 

catchments have higher DOC concentrations than non-we-tlatld cntchm('llts. 

Beaver ponds and debris dams, common in wetland clltchmpnts (Naimnl\, 

1982; Thurman, 1985) are important in-stream sources lltld storllge an'as 

of DOC. Wetland strClilnS t(,lld to tH' slOWPl" 1lI0VJllp" n 11111('11011 or 1C1wC'r 

slope and broader valley bottoms (Taylor and Penrc(', 1982), a llowlng DOC 

to remain in the stream longer and precipitate into sinks alld storar,p 

areas. Poor1y drained soils tend to have higher DOC concentration du(' t 0 

laterai f10w of water in upper soi1 horizons (McDowell and Wood, 1984). 

The response of wetland catchments to storm ('vents points 

out that there are confusing patterns to DOC concentration in st rE!éllIlS 

flowing from wetland catchments. Sorne streams show a positivE' rpspollSC 

to increased discharge and others a negntive respon<;p. 1'lIp lnltlnl 

response to storms is to produce saturation overlalld ilow over the 

swampy and boggy soils that nr(' round j n wc>tl nnds. As 1 Il(' <; tonn pncHH><l 

and percolation of surface water can begin the sub&urfacp componpnt of 

flow will become the dominant source of wnt€'r to t hl' slrNIIII. 'l'II(} 

negative relationship between DOC concentration and discllarge may be 

related to the fact that initial flood f10w i5 cOlllpo<;ed of watcr 

bypassing the organic matter by flowing overland. As Il storm continues 

and subsurface flow adds its contribution to flow, DOC concentrati on 

will rise. Rising DOC concentration on the rising 1 illlb of the hydrop,rnph 

in sorne catchments (Meyer llnd TntC', 1983; Moon·, IfJWJ) mdy tH' fl'I',oC"IIII,'t! 

with subsurface flow becoming more and more prcvnlcollt III <;tonn t low. 

Other clltclunents exhibit rlslur, DOC COlle('ut l'lIt 1011 011 1111' tlllllllr, IllIIh. 

Once the storm event ends overland flow ceases and DOC concentration 

begins to return to pre-storm lC'vels. 

The differences in stream water DOC concentration between nOIl-
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wetland and wetland catchments is evidenced by their responses to stream 

discharge. The differences are functions of the physical characteristics 

of the catchments. The above introduction and review has pointed out that 

there are indeed relationships between DOC concentration and the physical 

nature of a catchment. The next step is to create a model of the physical 

characteristics of the catchments and use them ta predict DOC 

concentration from a set of test data. 

PURPOSE OF STUDY 

The above discussion has established the main sources of DOC 

within a catchment, the main storage areas and the hydrologie pathways 

that transport DOC to steams. However, there have only been a limited 

number of studies that have dealt with more than one catchment at a time. 

Moeller et al. (1979) have conducted the only study on establishing what 

physical characteristics of a catchment control variations in DOC. They 

determined that stream link magnitude (a function of the number of 

channels coming into a stream), watershed area, and discharge explained 

most of the variation in DOC export in several different physiographic 

regions in the USA. They also established that there were seasonal 

patterns to DOC export which varied between different regions, but failed 

to determine whether other physical factors may have been responsible for 

lhe variations in DOC concentration within the streams they investigated. 

Furthermore, their analyses were biased because of a high degree of 

multicollinearity in the data set. 

The main focus of this study Is ta determine what physical 

characteristics of catchments are associated with stream DOC 

concentrations by examination of eight small catchments in the Eastern 

Townships, four of which contain significant areas of wetland and four 

which do not. Based on these re1ationships, a predictive model of stream 
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DOC concentration will be created for a wider range of cdtc~n~nts. 

Five questions have been formulated to establ ish links betwl'on 

the DOC concentration of stream water in the study catchments and the 

physical characteristics of the catchments. The first four questions are 

concerned with variations of DOC concentration within each cBtchment and 

between the catchments. The fifth question is concerned with the 

validation of the predictive model. 

The five questions are: 

1) are there differences between the DOC concentration of streams 

draining wet1and catchments and those draining non-wetland cBtchments? 

2) for non-wetland catchments can percentage forest be used as an 

indicator of DOC concentration? 

3) is DOC concentration related to discharge and are there 

differences between wetland and non-wetland catchments? 

4) do wetland catchments show different seasonal variations in DOC 

concentration th an non-wetland catchments? 

5) can DOC concentration, in a wide range of catchments, be predicted 

using simple physical characteristics of the catchments? 
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CHAPTER 2 

METHODOLOGY 

Catchment Selection 

The main study area inciudes eight catchments (Table 6, nos. 

1-8) which make up part of the Rivière Noire-Rivière Yamaska catchment 

located approximately 100 km east of Montreal in the vicinity of 

Valcourt, Quebec 450 18'N, 720 12'W. The Eastern Townships provide a 

mixture of land uses and forest caver, varied slopes, different soi1s, 

and different sized wetlands. The eight catchments were chosen based on 

their size (3 - 9 km2
) and land use. 

The soils in the are a are a mixture of Brunisols, Podzols, and 

Gleysols with several wetlands containing accumulations of peat ta 

depths up ta 8 metres in places. Sail data were obtained from county 

solI surveys at the sc ale of 1:63360 (Cann et al., 1947) and the 

Canadian Syst~m (Canada Department of Agriculture, 1978) was the basis 

[or classifying the soi1s (Table 7). The soils are derived from 

metamorphic (schist, slate and sandstone) parent material and there is a 

layer of glacial till over the whole area. There are areas of open rough 

stony land where the country rock shows through the till. There are sand 

d~posits seattered around the area which are associated with eskers and 

sand dune formations from the Iast ice age. 

Topographie maps and aeria1 photographs were used in 

determining data on land use coverage. Descriptions of each of the eight 

eatchments are given below. A BASIC program (Stolk and Ettershank, 1987) 

for estimating the area of irregular shapes was used in measuring the 
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TABLE 6 

Physica1 Characteristics Of The 42 Catchments 

---_.-._-------------~~.~--~-.----~------------------- --

CATCHMENT WETLAND AREA SLOPE DRAIN- FOREST 
.l fi (%)* (km2 ) (rn/km) AGE (%)+ ______________________________________ ~.w _____________ __ 

1 0.0 5.2 25.5 4.0 42.9 
Original 2 0.0 3.0 24.5 2.5 20.0 
Eight 3 0.5 3.5 23.2 3.0 69.7 
Up1and 4 0.5 7.0 30.5 3.0 75.9 
Group 5 15.0 8.5 24.0 1.0 60.0 

6 23.0 7.5 10.9 1.5 84.9 
7 31.1 8.7 18.9 1.5 83.5 
8 68.8 9.0 8.4 1.0 92.9 

9 0.0 6.5 37.6 2.5 81.4 
la 0.0 2.3 45.7 2.0 11.1 
11 0.0 3.1 45.4 3.0 63.9 

Extra 12 0.0 3.2 30.5 2.5 60.0 
Up1and 13 0.7 37.2 49.5 4.5 88.0 
Group 14 0.8 13.3 29.7 1.5 63.0 

15 1.0 4.1 28.0 3.0 60.0 
16 2.2 5.0 14.6 3.8 60.0 
17 4.5 7.0 30.5 3.0 75.9 
18 5.8 19.4 18.5 2.0 80.0 
19 6.6 17.0 11. 0 2.0 75.0 
20 8.8 1.7 45.1 3.0 20.0 
21 11. 7 8.7 30.8 4.0 55.0 
22 17.6 4.3 44.9 2.0 87.2 
23 21.0 6.0 36.1 2.5 69.9 
24 44.0 0.6 7.1 1.0 94.7 
25 0.0 5.2 2.4 1.5 7.5 

26 2.0 4.6 2.5 2.5 15.0 
Lowland 27 10.4 25.5 12.5 3.8 55.0 
Group 28 21.4 4.4 6.6 3.5 40.0 

29 24.3 1.8 5.0 1.3 39 0 
30 25.0 0.6 7.0 2.6 35.0 
31 25.6 5.2 6.3 o 0 49.9 
32 28.5 4.9 4.4 2.7 74.9 
33 29.0 8.3 1.3 1.5 49.9 
34 33.0 8.7 2.7 1 3 20.0 
35 38.5 11. a 1.3 1.3 65.0 
36 47.0 4.0 4.2 1.0 75.0 
37 51. 3 0.0 l.3 1.0 40.0 
38 52.8 4.0 7.4 2.8 55.0 
39 55.9 8.8 5.5 1.0 69.9 
40 56.1 31. 6 2.4 0.0 55.1 
41 56.4 4.2 1.8 1.0 70.0 
42 79.0 6.2 1.1 0.0 55 0 

____ 8 ______ •• _________________________________________ --

Note: *=Percentage wet1and; +=Percentage forest includcb 
aIl forested land in catchment. The Extrél Upland 
and Lowland groups are deal t wi th in Chapter 4. 
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Brea of each catchment. Catchment type was determined by the 

presence/absence of wetlands (i.e. bogs, fens, swamps, beaver ponds) in 

each catchment Four catchments contained 15 to 69% wetland while the 

other four catchments had less th an 0.5% occupied by wetland. For 

convenience the eight catchments have been abbreviated by numbers 1-8 as 

follows: 

Lawrencevi 11e 1 
Eleventh Rang 2 
Warden 3 
Bonsecours 4 
Valcourt 2 * 5 
Wilson Pond * 6 
Sixth Rang * 7 
Bethanie * 8 

Note: * - wetland catchments. 

Farming activity is present in seven of the catchments with 

hay and corn being the main crops Many farms were primarily concerned 

with livestock production and dairy activities. During the study season, 

many fields had been left fallow and others appeared to be abandoned. 

Mixed deciduous (birch, maple, aIder, aspen, ash, poplar) and 

coniferous (spruce, cedar, tamarack, and fir) forests dominate with more 

concentration of coniferous trees in wet1and catchments around bogs and 

swamps. Bogs conta in low shrubs and herbaceous plants as weIl as 3-5 m 

hlgh tamarack trees. Other bog lands are covered vith rushes and tall 

grasslO's wlth some shrub growth. The non-wetland catchments are steeper 

sloped and havp more variety of deciduous trees, contain more farming 

activity and more open land th an the wet1and catchments. Wetland streams 

are slow moving and the channels conta in grass and weeds, whi1e non-

wetland catchnlPnt streams were rocky and more turbulent. Alders are 
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TABLE 7 

Catchment Soil Group (s) % of Area Parent Material 
----------------~---------------------_._------------- .-----

l 

2 

3 

4 

5 

6 

7 

8 

Blandford Loam 92 
Gleyed Eutric Bruniso1 

Brompton Sandy Loam 8 
Humic Gleysol 

Blandford Loam 65 
Gleyed Eutric Brunisol 

Brompton Sandy Loam 35 
Humic Gleyso1 

B1andford Loam (Shallow) 90 
Dystric Brunisol 

Rough Stony Land 8 
Marsh 2 

Blandford Loam 55 
Gleyed Eutric Brunisol 

Brompton Sandy Loam 15 
Humic Gleysol 

St. Francis Sandy Loam 2 
Humo-Ferric Podzol 

Woodbridge Loam 8 
Gleyed Dystric Brunisol 

Rough Stony Land 17 
Undifferentiated Alluvium 3 

Blandford Loam (Shallow) 45 
Dystric Brunisol 

Brompton Loam 
Humic Gleysol 

Racine Sandy Loam 
Humo-F~rric Podzol 

Peat and Marsh 

30 

10 

15 

Blandford Loam (Shallow) 18 
Dystric Brunisol 

Brompton Loam 
Humic Gleysol 

Peat and Marsh 

60 

22 

Blandford Loam (Shallow) 69 
Dystric Brunisol 

B~ompton Sandy Loam 3 
Humic Gleysol 

Rough Stony Land 8 
Peat and Marsh 20 

Blandford Loam (Shallow) 7 
Dystric Brunisol 

Blandford Loam 8 
Gleyed Eutric Brunisol 

Brompton Loam 20 
Humic Gleyso 1 

Racine Sandy Loam 4 
Humo-Ferric Podzol 

Peat and Marsh 61 
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Schist 

Slate & Sandstone 

Schist 

Slate & Sandstone 

Schist 

Schist 

Schist 

Slate & Sandstone 

Slate & Sandstone 

Schist 

Recent Alluvium 

Schist 

Slate & Sandstone 

Slate & Sandstone 

Schist 

Slate & Sandstone 

Schist 

Slate & Sandstone 

Schist 

Schist 

Slate & Sandstone 

Slate & Sandstone 
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found along a1most every stream except on farm land where the banks of 

streams have been cleared for animaIs to rench the willer. 

Precipitation data supplied by Enviromnent Quebec are based 

on a farrn-based rnetcorologic station near Bonsecours. The station is 

attended twice a day and rainfall and snowfall are recorded separately. 

The station operates a11 year and a continuous record of precipitation 

from April to November 1988 was availab1e. 

To the original 8 catchments were added a further 34 

catchments (Table 6, nos. 9-42) locatsd south and south east of Montreal 

in a predominant1y agricultura1 area of the Saint Lawrence Lowland and 

cast of Montreal in the Appalachian Upland. Criteria for selection of 

the 34 ealehmellts were: a) size, b) range of land use (wetland area), c) 

esse of aecess to outlet, and d) range of soils and geomorphic settings. 

or the 3/. ca tclullcnls, the maJ or l ty cOlltaIn wetlands or former wetlands, 

sorne of whi"h have been drained to enable farming. Slopes were 

rclatively shallow in the Lowland catchments and steep in the Upland 

eatchments. The 34 catchments range in size from 0.5 km2 to 35 km2 and 

were sclected to represent a wide range of wetland characteristics (0.0 

to 79%). The 34 catchments were sampled four times (August, September, 

Oetober, and late Novernber) in order to help establish a seasonal 

pattern to DOC concentration. 

Study Area Catchment Descriptions 

Non-wetlalld Catchmcnts 

The four non-wetland catchments varied in land use (percentage 

forest versus percentage developed land). Two of the catchrnents (3 and 
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1. 

4) are predominantly forested while the other two are more developed. 

Table 6 lists the physical characteristics of t'och colchl1lcnt Ilnd Tahl€' 7 

lists the soils. 

Catchment 1 is a mixed forested-agriculturlll cntclunl'IIL 

(predominantly agricultural) underlain hy Blandford loom and Brompton 

sandy loam. An even mixture of coniferous and decidllotiS trl'OS arc found 

in the forested areas, which accounts for about half of thE' land use 111 

the catchment. Pasture land, which accounts for the olher half oC the 

land use, supports several small dairy herds. There Is evldence oC smn 11 

scale logging activity in the catclunent. The whole clItchJl1<'llt is gf'lItly 

rolling and the steepest slopes are found near the slIIlIpling point. 

Catchment 2 ls a mixture of forest, crop lalld llnd pnsLure 

(approximately 80% open pasture) underlain by Blnndford lonm and 

Brompton sandy lonm. DeclduollS trocs dominntf'd Lhe fon!stC'd lnnd ln tian 

catchment. Crop land in the catchment is devotl'd E'ntirely to corn 

production for use by the local dairy herds and pasture land is used [or 

grazing cattle. The catchment 15 gently rolling throughout. 

Catchment 3 15 a mainly forested catchmcnt underIa!1I by 

Blandford loam (shallow phase) and Woodbridge loam. The land ls falrly 

bouldery and hilly. There are several small farms ln the catchment which 

are predominantly pasture land and severai corn fields. Forested arens 

are predominantly covered in deciduous trees with stands of conL[crous 

(spruce mostly) trees in the wetter parts of the céltchment. 

Catchment 4 ls a mixpd forf'sted-ar,rlcul t.unll (predollllntllltLy 

forested) catchment underlain by Blandford and Woodbrldge loams, 

Brompton sandy loam, and alluvial soEs (undifferenliated). Agriculture 
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i5 entirely given to pasture. Forested land ls dominated by deciduous 

species with coniferous species found only on wetter sites near the 

stream. There is a small marshy pond in the centre of the catchment that 

is frequented by water fowl. The catchment is fairly steep sloped 

throughout. 

Wetland Catchments 

The four catchments with wetland components differ from one 

another in the type of wetland present in each catchment. Table 6 1ists 

the physical characteristics of each catchment and Table 7 lists the 

so11s. 

Catchment 5 ls composed of bog, and farm land and forested 

are as underlain by Blandford shal10w loam, Brompton sandy loam, and 

Racine sandy loam. Bog salIs are Humic Gleysols with accumulations of 

peat along the stream. The surrounding farm land ls a mixture of crop 

(corn) and pasture. Forest consists mainly of tamarack and spruce in the 

low land, while hlgher ground 15 covered almost excluslvely by maple, 

beech, and birch. 

Catchment 6 is composed of a large pond (Wilson Pond), peat 

bogs, and several beaver ponds surrounded by two sandy loams. The two 

major soil types in this catchment are the B1andford sandy loam which is 

a Dystric Brunisol derived from schistose material and Brompton sandy 

loam which 15 a Humlc Gleysol that is a reworked sandy loam derived 

largely from slate and sandstone material. The surrounding land is a 

mixture of forest and pasture with several small fields used for crops. 

Forest is predominantly birch, maple, and poplar on higher ground and 
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spruce, balsam fir, and cedar on wetter ground. Speckled aider ls 

prominent along the stream channel. Bog areas are covered with tamarack, 

shrubs, and herbaceous plants and are surrounded by coniferous trees 

a10ng the bog fringe. 

Catchment 7 is composed of swamp, peat bog, and severai beaver 

ponds contained in a gent1y sloping catchment surrounded by a Dystric 

Bruniso1 (B1andford 10am, shal10w phase) that is derived from schistose 

parent materia1. The swamp land has been described as thin organic 

accumulations over the minera1 soi1 base (Cann et al., 1947). Th~re ls 

rough stony land that consisted of schist and other metamorphic rocks 

and bou1ders. The surrounding land is predominantly forested in sprucc, 

cedar, fir, aIder, maple, and birch. Deciduous species are found on 

drier sites than coniferous species. Bog and swamp areas are covered 

with tamarack, spruce, cedar, shrubs, grasses and speckled aIder. Areas 

flooded by beaver ponds originally were covered by a variety of tree 

species. Little cleared farm land is present in this catchrnent. 

Catchment 8 is composed of a large bog which is surrounded by 

a Dystric Brunisol, Humic G1eysol and a Humo-Ferric Podzol. Blandford 

loam is as described above. Brompton sandy loarn (described above) and 

Racine sandy loam, a Podzol, are of similar origin. The bog and swamp 

soils consist of Humic Gleysois and Mesisols. The surrounding land i5 

heavily forested with severai small pastures and a cattle farm. Forest 

consisted of a mixed coniferous and deciduaus species while bag areas 

are dominated by tarnarack and small trees, shrubs and sphagnum. There 

are large stands of immature birch in the catchment. Coniferaus species 

consist mainly of cedar, balsam fir, and spruce. 
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Sampling Scheme 

Up ta 500 ml of water from the stream draining each of the 8 

main catchments was collected at weekly intervals from April 20 ta 

November 30, 1988. As sampling witpin the stream cross section revealed 

negligible variation in DOC concentration, the samples were taken from 

the central portion of the stream channel. A current meter was used from 

April to late June ta measure velocity in the culvert and bridge cross 

sections ta provide discharge measurements. At other times, a float-

velocity method was utilized ta estimate discharge using a correction 

factor of 0.9 of the surface velocity (Moore, R. D., pers comm.). 

Stage height was measured from stakes driven into the stream 

bed. A Belfort continuous strip ch8rt water level recorder was set up on 

Catchment 7 (Sixth Rang bridge); several occurrences caused the record 

to be discontlnuous. The first occurred in June when a local resident 

drove a bulldozer into the stream to clear out the grass in arder ta 

make his back yard more appealing. The second occurred in July when 

someone tampcred with the measuring device. The third occurred in 

November wlwn someone blew up a beaver dam that was just upstream 

causing a flood. 

Chemical Analysis 

The stream water samples were filtered through Whatman GF;C 

paper and stored nt 2-4°C. Absorbance at 330 nrn was determined on an LKB 

Blochrome 4050-011 Ultrospec spectrometer. A1iquots ranging in size from 

J to 100 ml were placed into 250-500 ml f1asks and evaporated in an aven 

dt 95°C. After evaporation, the residue was disso1ved in a mixture of 10 
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ml O.02N K2Cr207 and 25 ml H2S04/H3P04/AgS04 and transferrl'd into tubl's 

for digestion for 3 haurs at 100°C in a Technicon BD-40 Black Digl'st~r. 

Afcer digestion and cooling, samples were transferred to conical flnsks, 

diluted with 100 ml distilled water and titrated with an 0 lN NH4f'eS04 

solution ta which 1.0 ml of 0.16% barium diphenylamine sulphonate 

indicator was added (Moore, 1985, 1987). 

A secondary reason for measuring absorbance was to check a 

simple method for estimating DOC concentration based solely on 

absorbanee, removing the need to use further chemical analysis. 

The equation for the regression is: 

DOC = 2.82 + 69.29(X) 

X = absorbance at 330 nm, lem cell 

r 2 - 0.85 Standard error - l.86 

n = 240 Significance Level 

Mean DOC = 16.64 Standard Deviation 

0.0001 

5.21 

These figures fal1 within the range of values given by Moore (1987) in 

his Table 2 (p.588) for river and peat water samples. Results suggl'st 

that water colour ean be used as a simple, effectlve burrogate for 

stream DOC concentration over wide ranges of geochemical conditions. 

Electrical conductance (Ec at 25° C) and pH meaburements were 

made on a Yellow Springs Instruments Madel 32 Conductance Meter and a 

Fisher Accumet ph Meter Model 210. Cations (Ca, K, Na, Mg), iron and 

aluminum were determined using atomie absorption spectrophotometry and 

anions (C1-, S04-' N03-) through ion chromatography. Carbonale (C03 ) 

concentrations were determined by a gravimetric titration procedure 

(Environment Canada, Water Resourees Branch). Electrical Conductance, 
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pH, cation and anion data are discussed in Chapter 3. 

Statistical Analysis 

The statistical analysis techniques used in this study were 

aIl taken from published sources and computer tape libraries available 

from SAS (SAS, 1982, 1985) and LOTUS 1-2-3 (Ewing et al., 1987). The 

data were analyzed using scatter plots, simple diagnostic tests, and 

simple and multiple linear regression using the variables listed below. 

Chapters 3 and 4 include detailed sections on the statistical procedures 

used on the two data sets collected for this project. 

MODEL DATA 

The data for the predictive model consist of the dependent 

variable DOC concentration and five independent variables, including 

percentage wetland, percentage forest land, slope, area, and drainage. 

Dependent Variable 

DOC concentration of streams 

DOC concentration (mg/l) was determined by chemical analysis 

of each sample, as described above. 

Independent Variables 

Percentage Yetland 

AlI types of wetlands (swamps, bogs, beaver ponds, marsh) were 

included, gathered from topographie and soils maps and aerial 
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photographs. 

Percentage Forest 

The total forested area of the catchment gathered from 

topographie maps and aerial photographs. 

Area 

Catehment area, in square kilometres, was determined from 

topographie maps and a grid overlay. 

Slope 

Mean or average slope, in metres/kilometre, was caleulated by 

a formula that determined the average slope of the catehment from the 

watershed boundary ta the stream channel (Rasmussen, pers. (~omm.). 

Slope = C. Altitude)/J(Area/ft) 

Change in elevation (. Altitude) was determined as the average change in 

elevation from the catchment boundary to stream edge measured on a 

topographie map. 

Drainage 

Drainage was based on the drainage characteristics of al1 

soi1s in the catchment, obtained from County Soil Survey Maps. A set of 

dummy values were assigned to the quali tati ve descriptions of drai nage 

weighted on percentage area of sail type in each catchment. The data 

appears as; 

Value Description 

o 
1 
2 
3 
4 
5 

Very poor (très mauvais) 
Poor (mauvais) 
Imperfect (imparfait) 
Moderate (moderate) 
Good (bon) 
Excellent (excessif) 
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DOC:DISCHARGE DATA 

ather data collected during the study period was used to study the 

relationship of DOC concentration to stream discharge. 

Discharga 

Discharge (m3/s) was determined by float-velocity or current 

meter method. 

Date 

'rhe Julian date was used for this variable. 

Precipitation 

This variable was defiued as the amount of precipitation 

(mm) that fell at a farm-based flleteorological station (listed above) one 

wcek prior ta sampling. Snow ln April, October, and November was 

converted to water equivalent depth by dividllng the snow depth by a 

factor of 10. The data was obtained from Envirorunent Quebec, Ste. Foy. 

Quebec. These data were used to help establish the role of storm events 

in DOC transport in the study catchments. 
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CHAPT ER 3 

INTRODUCTION 

Establishment of the physical characteristics associated 

with DOC concentration of stream water led ta the cr('ation of Il lineal' 

regression model that was tested on a wide variety of catchments. Tlll' 

above review indicated that there were differences in DOC concentration 

of streams draining wetland catchments and s treams dr a ining non- w€.' t LlIld 

catchments. This chapter deals with the results from the data anlllysis 

and model building procedures, as weIl as the water chemistry analysl's 

DATA ANALYSIS 

The five questions proposed in Chapter 1 will be discussoo 

separately below. Each sub-section will discuss testing procedures, ll11d 

give conclusions on the findings. APPENDIX A (Tables 1-3) lists the dutu 

used in this chapter. 

Question 1 

The first question dealt with determination of differcnc('f, 

in DOC concentration of streams in two groups of phy&ically ditterl'nL 

catchments. The two groups of catchments consist of a) four with l'J, :/'3, 

31, and 68% wetland area, and b) four with 0, 0, 0 5, and 0,5% welland 

area. A non-parametric NPARIWAY procedure (SAS, 1982) was useo for t tl(' 

testing the null hypothesis that the median DOC concentration of the' t w() 

sets of data are equal and that they came from the same population. '1'11(· 
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exact test u&ed by the NPARlWAY simulates a Mann-Whitney V-test and 

prints a simulated chi-square value for hypothesis testing (SAS, p. 206, 

1982). The data of median and mean DOC concentration appear in Table 8. 

TABLE 8 

Catchment Median DOC Mean DOC 

1 3.8 3.9 
2 3.4 3.5 
3 6.6 7.2 
4 3.6 3.8 
5 * 14.7 14.5 
6 * 31. 9 32.1 
7 * 21. 8 21. 9 
8 * 39.8 40.0 

Note: *=wetland catchments; all 
values in mg/l. 

APPENDIX B, Table 1 shows the results of the NPAR1WAY 

procedure on the two sets of data. Degrees of freedom were calculated 

(SAS, p. 208, 1982) as the number of levels of the class minus 1 (for 

this test DF=l). Based on the results of the test at 0.02 level of 

significance (simulated chi-square value = 5.33) the null hypothesis was 

rejected meaning that there was a significant difference in the DOC 

concentration of stream water flowing from the wetland catchments versus 

the non-wetland catchments 

Question 2 

The second question was concerned with using percentage 

forest in non-wetland catchments as a simple predictor of DOC. For this 

tpst percentage forest values from the 4 original non-wetland catchments 

were used. The data are summarized in Table 9. 
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TABLE 9 

Mean Annua1 DOC and % Forest for Non-wetland Catchments 

Catchment 

1 
2 
3 
4 

Mean DOC 
(mg/l) 

3.9 
3.5 
7.2 
3.8 

Forest 
('X.) 

43 
20 
70 
76 

The strength of the relationship Is poor and p~rcentage 

forest i8 not a good predictor of mean DOC for the non-wetland 

catchments. From Table 9 it can be seen that Catchment 3 has all1lost 

twice as high a concentration of DOC than the other catchments alld ahout 

2 to 3 times as great a percentage of forest land than two of the ot 11<'1' 

catchments. Catchment 4 has about the same percentage forest but the' ooe 

concentration is about half that of Catchment 3 and simi lar to tlH' 

Catchments 1 and 2, 

The reason why Catchments 3 and 4 differ in DOC 

concentration while having similar percentage forest may be a functioll 

of vegetation type in the catchments. Catchment 3 has more conlfefous 

vegetation and the understorey is covered in mosses and fern5 whil (' 

Catchment 4 is predominantly deciduous and the under5torey is fairly 

c1ear of growth. Data on differences in DOC concE!ntration from di! fere'lI! 

vegetation types confirm that coniferous specie5 (common in this are.,) 

produce more DOC th an deciduous species (Dalva, in press) Catchlllenl l 

is a mixture of coniferous and deciduous species whilE! deciduous &peCi0', 

dominate the smal1 areas that are covered in forest in Catchment 2. 
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Question 3 

The third question was related to the effect of stream 

discharge on DOC concentration. For the whole study period there was an 

overall fair to poor relationship between DOC concentration and either 

discharge or ln discharge. Non-wetland catchments had more significant 

results than the wetland catchments. Table la surnrnarizes the results 

from the regression of DOC concentration and Discharge. 

Catchment 

1 
2 
3 
4 
5 
6 
7 
8 

TABLE 10 

Regression Equations For Wetland 
And Non-wetland Catchments 

Equation S.E. 

DOC 3.36 + 5.39(X) 0.31 0.25 
DOC 2.95 + l5.28(X) 0.43 0.20 
DOC 6.85 + 5 45(X) o 15 0.43 
DOC 3.04 + 6 05(X) 0.52 0.21 
DOC 14.06 + 1. 55 (X) 0.00 1.43 
DOC JO.70 + 11.71(X) 0.04 1.72 
DOC - 22 57 - 4.8l(X) 0.01 1.48 
DOC = 42.51 - 25.77 (X) 0.05 2.60 

Sig. Level 

0.0009 
0.0001 
0.0263 
0.0001 
0.7572 
0.2507 
0.5187 
0.2348 

Note DOC is in mg/l; X js discharge in cubic metres 
per second. 

The signs of the slope coefficients for aIl non-wetland and 

the two wetland catchments (5 and 6) were positive, therefore thert was 

direct positive relationship between the DOC concentration and 

discharge. The r 2 values for the wetland catchments were aIl very low 

o. 00 to a 05 while the non-wetland catchments were higher 0.15 ta 0.52 

Th(' signs of the slope coefficients for two of the wetland catchments (7 

and 8) were negative meaning a direct negative relationship between DOC 

concentration and stream discharge, however the strength of the 

re1ationship is very weak or non-existent for aIl wetland catchments. 

Figures 1-8 show the re1ationship between DOC concentration and 

discharge for each of the eight catchments. 
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The data show that discharge is not a good indicator of DOC 

concentration for wet1and catchments, but in certain non-wetland 

catchments it accounts for a fair amount of the variation in DOC 

concentration. Using ln discharge and ln DOC concentration improves thi.' 

r 2 and SEest for the non-wet1and catchments, but does not irnprove the 

re1ationship for the wetland catchments. Table Il lists the equatiotll> 

for the transformed data. Figures 9-16 show the re1ationship betwe~n 

1n(DOC concentration) and ln(discharge) for each of the eight 

catchments. 

TABLE 11 

Regression Equations For Wet1and 
And Non-wet1and Catchments 

Catchment Equation S.E. Sig. Level 

1 Looe = 1.73 + O.l1(X) 0.42 0.11 0.0001 
2 Looe 1. 83 + 0.15 (X) 0.53 0.12 0.0001 
3 LDoe = 2.33 + O.lO(X) 0.28 0.12 0.0036 
4 Looe 1. 83 + 0.19 (X) 0.66 0.08 0.0001 
5 Looe 2.69 + 0.15(X) 0.00 0.15 0.7393 
6 LDoe 3.54 + 0 03(X) o 05 0.08 0.2395 
7 Looe 2.90 - 0.06(X) 0.09 0.10 0.1078 
8 LOOe = 3.59 - 0.02(X) 0.01 0.09 0.5351l 

Note: LDoe is ln(DOe concentration); X i5 ln(discharge). 

The lack of a negative relationship for wetland catchlllcllt fi ') 

and 6 may be re1ated to the presence of a severa1 large beaver pond::. 111 

catchment 6 and slow moving water in catchment 5. The pond and sluggish 

water act as retention devices (Naiman, 1982) which can cause 

precipitation of suspended partic1es, with DOC molecules attached to 

their surfaces, onto the stream bed in low velocity streams. 
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Transforming the data for DOC concentration and discharge 

improved the r 2 values and lowered the SEest for each of the catchments. 

The natural log transformation normalized the data and improved the 

significance of the relationship. 

In order to determine where DOC is coming from in a 

catchment, samples of stream water [rom Catchments 3 and 7 were taken 

(in July and September) at varying intervals upstream from the regular 

sampling points. Figures 17 and 18 show the stream DOC concentration 

from the weir to ~everal points upstream. Catchment 3 has a second order 

stream flowing past the regular sample point. The two first order 

streams that flow into it were sampled above the points where they 

intersect the main channel Another sample was taken below the 

intersection of the two streams and upstream from the regular sample 

point. The four points show that more DOC was being delivered by one of 

th~ smaller streams and that the DOC concentration decreased downstream. 

The stream with the higher DOC concentration flowed out of a forested 

areas dominated by coniferous trees, ferns and mosses. The stream with 

lower DOC concentration flowed out of a fcrested area with more of a 

mixture of tree species and several open fields. 

Catchment 7 had a beaver dam 250 metres upstream from the 

regular sample point which did not affect the stream DOC concentration 

greatly in July, but by September the DOC concentration in the beaver 

pond (along the side and directly behind the dam) was much higher th an 

in the flowing stream both above and below the pond. It would appear the 

dam acts as d retention device (Naiman, 1982) for DOC. After the dam was 

blown up (November) stream DOC concentration returned to pre-dam levels. 
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Dérreasing DOC concentration downstream meant DOC was being 

produced in the headwaters and was being either consumed by in-stream 

processe5, precipitated directly onto the stream bed, adsorbed by ionic 

compound& and precipitated onto the stream bed, or released into the 

atm05phere as CO2 ga<; (Thurman, 1985). Increasing DOC downstream may be 

related to retention devices, inputs of DOC-rich water from a tributary, 

water passing through organic matter just upstream of the regular sample 

point, and little or no consumption of DOC by in-stream processes. 

Wetland catchments show that wetland areas are major sources 

of DOC and that DOC concentration drops more rapidly downstream in these 

catchments thon in non-wetland catchments Catchments with high 

p~rcentdg~s of torest also show a similar pattern of DOC concentration 

decrease downstream. Decrease in DOC concentration downstream in 

fOl"psted catchments indicate that forested catchments should produce 

more DOC than non-forested catchments. The pattern holds for different 

discharge& and therefore is not discharge dependent. 

The conclusions from this part of the study are that stream 

DOC concentrations of non-wetland and wetland catchments respond 

differently ta changes in discharge. The reasons why the catchments 

differ are related ta the different physical characteristics of the 

catchments. The slopes of the wetland catchments are aIl shallower than 

the non-wetland catchments meaning that response time of changing 

discharge ta incredsed precipitation was different Solls in wetland 

catc~n(>nts are poorly drained while soils in non-wetland catchments are 

well-drained. Water in the poorly drained soil remains in contact longer 

with sources and storage areas of DOC than ln well-drained salIs. Water 
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flow in the sail is conditioned partially by the slope of a cntchm(>nt. 

plus soil characteristics and antecedent wetness conditions and tilt' two 

types of catchments produce different DOC concentrations du(' to 

differences in slope and soi l drainage, which is refl{'ctt'd ln disdlHrg~·. 

Study of soils maps of the eight catchmentb rf'vt.'al 

differences in soils between wetland and non-wetland ccltchllwnth. 

Percentage wetland (swamp, muck, peat, beaver ponds). dr,ünag<' 

characteristics. and siope are three factors associatt'd with obsprvcd 

differences in DOC concentration:discharge relationships One r<'OS011 for 

different relationships between wetlond catchment5 may hl:' tlw p[(·~H'n<.·(· 

of ponds and sluggish water in two of the catchments that act<,d BS 

fil ters for DOC. 

Question 4 

The fourth question dealt wi th determination of SPIlSOlld l 

changes in DOC concentration of stream water. The purposp herp WUN Lu 

establish whether there were seasonal patterns to DOC concentrat ion i Il 

the catchments and to determine if the patterns were difff'rent for nOIl

wetland and wetland catchments. It has been shown that the two typl'h of 

catchments produce different amounts of DOC and that DOC concpntr<lt iOll 

of streams fluctuates with discharge Seasonal pattern,> in DOC 

concentration are a function of climatic factor!:> (pn~cipitatlon, 

temperature, snow melt, etc) and length of growine sùa<,on ln ttw ('jp,ht 

catchments the growing season was the same and thp clilll3te W3S slight Iy 

different (related ta differences in elevation) 

Differences in the pattern of DOC concentration confirm the 
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differences between non-wetland catchments noted previously. There was a 

drought in the study area in June and July (during the growing season) 

and it is not known to what extent the dry weather may have influenced 

the normal seasonal pattern. In order to show whether there was a 

seasonal pattern a simple regression of DOC concentration against Julian 

date was run. Plots of the residuals from the regression against Julian 

date showed that there was a sine-wave shape (Grieve, 1984) in the data, 

which indicates a seasonal pattern, in Catchments l, 2, and 4. Fi~ures 

19 and 20 show the sine-wave pattern for Catchment 4 and 1 (Catchment 2 

is similar). The lack of a sine-wave shape in Catchment 3 is the same 

pattern seen in the wetland catchments which had higher DOC 

concentrations. 

Wetland catchments responded differently than the non-

wetland catchments. Lowest DOC concentrations were in early April and 

concentrations increased throughout spring until June when they 

decreased. Another increase occurred ~etween July to late September-

October, followed by a decrease for the rest of the study period. 

Catchment 8 showed very little fluctuation in DOC concentration while 

Catchment 5 showed a wide fluctuation in DOC concentration, but both 

maintained the same pattern as the other wetland catchments. There were 

no sine-wave shapes in the wetland catchments residual plots meaning 

that the was no seasonal pattern in five (4 wetland, 1 non-wetland) of 

the eight catchments. Figures 21 and 22 are typical of the pattern of 

residuals for the wet1and catchments. The lack of a seasonal pattern 

means that there were factors other th an season at work, which impart a 

pattern to the data 
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Figure 21 
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1" 
The conclusion from this question is that there are 

different patterns in DOC concentration between the two types of 

catchments and between the non-wetland catchments over the study period. 

Seasonal patterns were found in 1 of the non-wetland catchments, buL not 

in the other 5 catchments. Differences in catchment physical 
. 

characteristics and discharge were probably over-riding factors that 

obliterated any seasonal pattern (sine-wave pattern in the residuals) ln 

5 of the catchments. Adding the seasonal pattern data to the 

discharge:DOC relationships from above it can be seen that only thr~~ of 

the non-wetland catchments showed any significant relationships and 

these same catchments were the only ones with true seasonal patterns. 

The results from the other five catchments confirm different pattern~ 

between the catchments, but the patterns are too complex to nscribe thum 

to season alone. 

Question 5 

The fifth question was concerned with establishing whether 

there Were differences in DOC concentration between catchmcnts of 

varying physical characteristics. Regression Dndlysis u<chniques wen· 

utilized in order to create 0 predictive model of DOC concentration 

based on physical characteristics of the catchment5. Results of quebtiorl 

5 are discussed separately in the following section on regrcssion 

analysis. 
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REGRESSION ANALYSIS 

The results from testing the model on the 8 main catchments 

are reported in this chapter while the results of the broader sampling 

of the 34 other catchments will be discussed in Chapter 4. 

The Madel 

In arder to create a predictive model for mean DOC 

concentration it was necessary to quantify the physical factors 

associated with the occurrence of DOC within the catchments. Once 

associations between physical factors and DOC occurrence were 

established, determination of which physical factor(s) were most 

responsible for variations in DOC concentration in stream water began. 

Multiple regression using a least squares fit (GLM procedure, SAS, 1982) 

was the method used to create the predictive equation of DOC 

concentration for stream water. 

Variable Testing 

The original set of variables included 5 physical 

characteristics, therefore multiple regression was employed. A test of 

normality (UNIVARIATE Procedure, SAS, 1982) shows the dependent 

variable was not pormally distributed unless it was logged. The 

transformed dependent variable was normally distributed throughout the 

range of the Independent variables (Neter et al., 1985). Scatter plots 

were made \lith ln (mean DOC concentration) as the dependent variable 

against the untransformed independent variables and only Percentage 
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Wetland and Slope were linear with the dependent variable. 

. 
J 



The design or data space (Draper and Smith, 1980) of the 

model variables revealed that several of the variables were correlated 

and formed linear relationships. Scatter plots of the chosen independant 

variables plotted against the dependent variable (ta test whether the 

relationships were linear) and against each other (to see if there WllS 

any correlation in the independent variables) were made. The scatter 

plots were valuable for showing the form of functiona1 relationship 

between the variables (Winkler and Hays, 1975; Sachs, 1984). 

Scat ter plots of the five independent variables on mt'Iln DOC 

concentration showed that Percentage Wetland and Slope form linellr 

relationships, positive and negative respectively. with mean DOC 

concentration but Area, Percentage Forest, and Drainage do not, 

requiring a transformation. 

Another diagnostic test was to plot ln (mean DOC 

concentration) against the natural log of the independent variables 

(Sachs, 1984). In the ln-ln transformation Percentage Wetland, S1ope, 

and Drainage were linear and Percentage Forest, and Area were not. The 

ln-ln transformation maintained the linear nature of the data set that 

was necessary for further work involving linear regression analy,>is 

(Cook and Weisberg, 1982; Montgomery and Peck, 1982) 

Testing the independent variables for norma1ity and 

linearity through scat ter plots and simple diagnostic tests led to the 

rejection of two of the five variables (Area, and Percent Forest) 

because they were not normally distributed and nonlinear with the 

dependent variable. One diagnostic test used to determine the strength 

of the variables for prediction was the RSQUARE procedure (SAS, 1982) 
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which chooses the best r 2 value for a model by regressing each variable 

against the dependent variable. The model steps through the data to fit 

the best two variable model and 50 on until a model with n variables 15 

created where n equals the number of variables in the data set. This 

form of mode! "Htting" aLlows the researcher to de termine which 

variables are contributing the most to the variation in the dependent 

variable and which are not. Area and Percent Forest were found to add 

little to the explained variation in DOC concentration, so based on this 

and the fact that they were not linear with the dependent variable they 

were rejected from further consideration. 

Correlation Matrix And Collinearity Diagnostics 

In arder to test for correlation and collinearity between 

the indepf'ndent variables, a Pearson Correlation matrix (CORR Procedure, 

SAS, 1982) was created (APPENDIX B, Table 2). Large correlation 

coefficient (r) values indicate that variables vary together and may be 

collinenr. Percentage Wetland, Slope, and Drainage were found to be 

highly correlated and collinear (APPENDIX B, Table 3) (REG procedure 

with COlLIN option, SAS, 1985), a fact previously indicated in their 

design space plots 

The strength of the linear relationship between variables is 

shown by the magnitude of the correlation coefficient (r) (Sachs, 1984) 

High correlation, greater than 0 60, causes r.onfusion about the 

pr~dictivQ nature of the inde pendent variables on the dependent 

vdriahle. ~len Independent variables are highly correlated with one 

anoth~r thp model is biased and one or more o~ the variables can 
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effectively be removed from the model (Winkler and Hays, 197~; Stpt'l .lIld 

Torrie, 1980; Morrison, 1980; Sachs, 1984), Because of the small sampl~ 

size (n-8) collinearity was a problem in the data, 

There was collinearity in the data Sl:'t between ln Pen'l'utagt' 

Wetland, ln Drainage, and ln Slope, The assumption of the collinNlt'ity 

procedure is that if a variable has a high condition numbE'r (calculdtl.'ù 

as the square roots of the ratio of the largest eigenvalue to each 

individual eigenvalue (SAS, 1985» and a high proportion of the 

variation on 2 or more variables then there is multicollim>arity ln ttw 

data set The presence of multicollinearity mean~ th<lt 0111:' or more 

variables must be rejected from the model to maintain statisticlil 

accuracy, 

Model Results 

The eight catchments were chosen because viHia t ion~ III 

catchment physical characteristics can be related to diffcfenccs ln DOC: 

concentration between catchments, The predictive mode l works to provid(' 

the mean DOC concentration of a sample of stream wa ter, The model i.., 

based on eight catchments, sarnpled 32 time& over the study perim!, Whlc11 

provide eight values for the regression analysi!::. 

Residual Plots, Regression, and Adjusted Variable Plots 

Based on the results of seatter plot&, tnHlstormatiolls ot 

variables, and diagnostics. a general regre&sion was run to get an 

indication of the relationship between the independpnt var i ab} (Hl llnù t hl 
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dependent variable. Based on t and F statistics from the regression ln 

Percentage Wetland, ln Slope, and ln Drainage were the independent 

variables used in the model equation 

Plots of residuals can be used as simple tests of whether 

the regression 1s l1near (Sachs, 1984). Six departures from the simple 

linear regression with normal errors that can be checked with residual 

plots are' 1) the regression function is not linear; 2) the error terms 

do not have constant variance; 3) the error terms are not independent; 

4) an outlier may invalidate the model; 5) error terms are not normally 

distrihuted; and 6) there may be another independent variable omitted 

frorn the model (Neter et al., 1985) 

Norrnality of error terrns was checked by p10tting the 

rpsiduals against the expected value and marking off the standard 

deviations frorn the mean value (Neter et al., 1985). The normal 

distribution will follow a set pattern, that a) approximately 68.2% of 

the values will be wi thin ± 1 0 standard deviation of the mean; b) 95 4% 

of the values fall within ± 2 0 standard deviations of the mean; and c) 

99.7% fall wi thin ± 3 0 standard deviations of the mean (Ebdon, 1977) 

Indeppndpncp of the error terrns was checked by studying the 

way the residuals wpre srattered about the zero (mean) 1ine (Neter et 

al., 1985) If the sCdtter of points around the line is randorn then the 

pn-ors Ilre independent 1 f the residuals plot in a constant pattern 

(e.g. one is positive and the next is negative and then repeating this 

throughollt, or if there is sorne linear pattern ta the residuals) the 

a~Sllll1pt ion of independence is not valid Another test involved plotting 

thE' n>sidudls regression against time. A random cloud of points results 
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when errors are independent, if sorne linear pattern rt>slIlts tht>n thE' 

errors are not independent and the model is not valid. In bath cast>s tlw 

errors proved ta be independent for the model. 

Adjllsted variable plots were made ta check wht>tht>r tht> 

omission of variables might have an effect on tht> regression modE'l 

(Chambers et al., 1983; Weisberg, 1980). The adjustt>d variablE' plots 

were needed becallse of the multicollinearity in the data set. In 

adjusted variable plots residuals of regressing k - 1 independent 

variables against the dependent variable are plotted against reslduals 

of the kth independent variable regressed against the k - 1 ind(>pt>nd('llt 

variables. Adjusted plots show whether omitted variablPs account for A 

significant amount of the unexplained variation in the df'pendf'llt 

variable (Chambers et al , 1983) Al! three independent varldhlt>s (111 

Percentage Wetland, ln Slope, and ln Drainage) accounted for sornE' ot th~ 

unexplained variation in the dependent variable. ln Pt>rcl;>ntage Wp t land 

and ln Slope had strong linear patterns in the adjusted variahll;> plot!>, 

but due ta non linearity with ln DOC concentration they wl;>re not 

considered valid, al though they appeared to account for a large amoullt 

of the unexplained variation in the dependent variablE' The n'Ahon for 

the linear patterns was the multicollinearity in the data set whlch mny 

be masking the true effects of the variables. 

The original design space plots and the Pearson Corn·latioll 

matrix of independent variables reveal definite correlation whlch 

introduees bias to the model. The decision to remove variables wa~ 

partially based on the faet that correlated data is eoJlinear and 

variations in one cause variations in the other variable(s), which can 
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effect the e~timate of the predicted variable The other reason was that 

two of the variables did not form linear relationships with ln DOC 

concentration. 

A model building routine (RSQUARE Procedure, SAS, 1982) was 

run ta e~tablish which variable accounted for the most variation in the 

dependent variable. The decision ta include In(Drainage) (r2 = 0 890) 

instead of In(Percentage Wetland) (r2 - 0 853) and In(Slope) (r2 -

a 754) in the mod~l WaS based on the fact that In(Drainage) had equal 

variance and the other two did not. AlI results were significant at the 

0.01 level of confidence 

Conclusions On Regression 

Residunl plots from simple regressions of each independent 

variahle on the dependent variable were studied ta assess the normality 

and validity of each variable for inclusion in the model Three 

variahles vere inciuded in a general model equatlon based on scatter 

plots. A residual plot of the regression for aIl three variables 

Indicated that the variance was not constant or equal. The correlation 

mntrix, collinenrity diagnostic6, model building procedure, and adjusted 

variable plot& were ail employed to ensure that the variables vere the 

proper onp& for the model It was determined that there vas a high 

degrN' of muit icollilH'drity in the data and that only one variable could 

he ilH'llllt"d in tht' fInal model equation 

Till' fin.lI model for the original eight catchments was of the 

form' 

In(mean DOC) - a + b1ln(drainage) + E 
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The values of the estimates were: 

a - 3.78 

b l - -1. 93 

which gave the final regression equation: 

ln(mean DOC) = 3.78 - 1.93(ln(drainage» + E 

Mean DOC ... e 3 . 78 x (drainage)'l 93 + E 

r 2 
- 0.89 Standard Error - 0.28 

n =- 8 Level of Significance - 0.01. 

The variance in the model was constant dnd the residuals 

were independent. The use of scat ter plots to dct{'rmin{' which varillhl<'s 

were linear with the dependent variable pointed out two facts. Flrs!, tI 

transformation of the data was necessary, and s~cond, bcattpr plots 

alone cannot determine the adequacy of a variable and oth('r dLlgno~.t 1 (' 

tests are necessary For larger data sets ln Percentclge wptland and/ol 

ln Slope may also be used as predictors, but for th!!:. ddta set thcy art· 

not statistically correct. 

The conclusion of question 5 is there is cl predictive lIIodl'\ 

which shows differences in mean DOC concentration bC·twE'l'n il rnllg(' 0/ 

catchments based on phYbical factors. The ln-ln llIodp 1 d id Ilot ... uf fl'r 

from any of the six departures from simple linear regn.· ... .,ion Tahlp lï 

shows the observed mean DOC concentration& from the bampleh collpctpd 

during the study and the predicted mean DOC concentration ... obt,drH'd f r{J1II 

the model. The model does generate values of mean DOC COIICPlllrdt iOIl 111,il 

can be used ta separate a data set of wetland and 1I0U-W('! Lmd 

catchments. 
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TABLE 12 

Observed, Predicted and Residual Values 
of DOC Concentration Obtained 

From the Regression Model 

Catchment Observed Predicted Residual 

1 
2 
3 
4 
5 
6 
7 
8 

1. 353 
1 256 
1. 978 
1. 338 
2.671 
3.468 
3.090 
3.690 

1 104 
1 659 
1. 659 
1. 659 
2 995 
2.996 
2.995 
3.778 

0.249 
-0.403 
0.319 

-0 321 
-0 324 
0472 
0.095 

-0 088 

Note: AlI values are natural logs, aIl results are 
significant at 99% level of confidence. 

WATER CHEMISTRY ANALYSES 

Concentration5 of DOC are dependent on physical 

characteristics of catchments, but al&o on chemical properties of water. 

Ali str~am samplp& were analyzed for Electrlcal Conductivity (Ec) and pH 

/lnd belectl'd sélmp!p!> Wt'rt' alldlyzed for cations and anions ta provide a 

hroad chemical picture of stream water. APPENDIX C (Table 1) shows the 

f<;c, pH, .md cations and anions with DOC. Table 13 lists the mean DOC, 

m(\dn Ec and mean pH for the eight catehments. Simple regress ions were 

run on the Ec dgaillst the cations and anions to see if Ec could be used 

as ft quick method for estimatlng ionle concentration in stream water. 

Wetland catchments had lower Ec values than non-wetland 

catchments with the exception of Catchment 4. Cation analysis determined 

that CatI was the dominant cation in aIl eight catchments Mgt Was the 

second most dominant cation followed by Nat, Kt, and total iron (Fe*). 

For instance. thrf'(' of thf' wetland eatchments (5,7,8) had higher Fe* 
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Catchment Il 

TABLE 13 

Mean DOC, Mean Ec, and Mean pH 
for the Eight Catchments 

DOC Ec pH 
....... 'l't __________________ ........ ________ ... ______ .. ____ ... ___ .... __ ------

J. 3.9 131 7.1 
2 3.5 153 7.1 
3 7.2 91 6.7 
4 3.8 70 6.8 
5 * 14.5 78 6.5 
6 * 32.1 48 6.3 
7 * 21. 9 40 6.3 

8 * 40.0 36 5.9 
--- ..... ----_ ....... ----------_ .. _----_ ... --------- .. ------_ .. _------_ .. 

Note: AlI values are means for 32 samplt> dates for the 8 
catchments; *-wetland catchments, DOC is ln mg/l; 
Ec is in uS/cm. 

than K+ values and the other (6) had higher Na~ th1l!l Mg,+ values Cd" dlltl 

Mg+ buffer the pH above 6 7 for non-wetland catchmenu, (wht.'rE' DOC 

concentration is low) and the higher DOC conCE'ntrat ions in wet lands 

buffer the pH below 6 5. 

Wetland streams have lower mean pH thlln non-w(!tland btrewus, 

which may be a function of the higher DOC concf>nLratioll in water flowillg 

out of wetland areas The pH data show average pli of wetland catchmt'Ilt 

streams was lower than pH of non-wetland btreams Law pli valu('<; Wt-rt' 

associated with high DOC concentrations due lo DOC hulterillt', pli 111 

wetland catchments Cations (mainly Ca and Mg) hut f ('rpd pli 1 Il 11011-

wetland catchments. Wetland ::.tream average pH rdllp'(·d t rom ') 9 tu 6 'J "llcI 

non-wetland stream average pH ranged from 6 / lo / 1 Tht· lowp::.t pli 

values occurred from early Septemher to mid October The lIon-w('lLlIId 

catchments tended ta have higher pli valu{·s durinp, Junp, July, and 

August. The wetland catchmento, did not iollow a bel palu-rn of hi~h('~.t 

pH values, but showed more fluctuatlon throughout the btudy period 
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Anion analysis determined that S04-- was the dominant anion 

in 3 of the wetlllnd catchments and C03-- was the dominant anion in the 

other 5 calchments. Wetland catchm<,nts have lower anion concentrations 

than non-we lland catchments. Catchment 6 exhibi ts lower N03 -

concentration than the other catchments. Low N03 - levels may be due ta 

nitrogen uptllke by bellthic orgnnisms in the beaver ponds found along the 

courbe of tbe stream Catchment 4 is a non-wetland catchment that 

exhibl t~ Cl- and N03 - concentrations similar ta wetland catchrnents, but 

the SU4 -- concentrélt ions are similar to the other non-wetland 

clitchments. 'Ihe pOb&ible explanation is that farming 1s no longer 

HctivE'ly pursu('d in Catchment 4. 

Low !pvels of entions in stream watpr of four out of eight 

c,ltchmcnts llIay he related ta: a) lack of fertilizer input to the 

cnlchlllPllt, Il) pPlc{'nlnge ior('~>t land in the catdllllf'nt, c) percentage 

wl'tland in the calclulIPllt and/or d) sail characteristics. Parpnt rnaterial 

for solls illCludcb schist, slate, and sandstone which provide high 

leve'ls of Ca tt
, Mtjt, and Nat Ferti! izer application causes high levels 

of Kt in cprtllin calclulIl'nts. COllcPlllration of Fe* w<,re highest in the 

Wl' tLlIld catchlnt>nts. 

Tclble 14 lists the regression equations for Ec against each 

c.ttioll .md mlÏotl Tht~ low r 2 v;llU('S for Nat, Fe·, and Cl- are due to 

lion llill'H 1- Hpl'('nd of the data (APl'I:.NDIX C, Figs. 1-8). 'Ihe data do show 

that Ec C.11l hl' lIsed as an indicator of cation and anIon cOl'centration 

«'.g. high Ec lIll'llns h1gh concenLl'ation of cations and/or anions). 

Wl't LlIId cdtl'hlll<'tlt slrPillllS tend ta have lower ionic concentrations th an 

non-Wl't 1,lIId str('ams. Thp non-wetland streams have higher concentrations 
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of Ca++ and Mg+ that buffer the pH upward (more alkaline). while wetlaml 

streams have higher DOC (and lower ionic concentrations of Catt and Mg t
) 

that buffers pH downward. As with the spectrophoto\Uetric (absorhance) 

method (p. 29) of DOC estimation. Ec is a good surrognle for qulckly 

estimating ionic concentrations in stream water. 

Ion 

Table 14 
Re1ationships Between Cations. Anions, and 

E1ectrical Conductivity 

Equation S.E. Sig. Level 
-------------------------------------.-._-----------_ .. ----. __ .... _-
Catt y - 0.58 + 0.15(X) 0.79 0.021 0.0001 

Mg+ Y= 15.44 + 0.28(X) 0.88 0.030 0.0001 

K+ Y - 19.27 + 2.3L.(X) 0.72 o . 392 0.0001 

Na+ Y - 25.08 + 0.40(X) 0.23 0.200 0.0628 

Fe* Y - 79.14 - 2.87(X) 0.41 0.920 0.0077 

Cl- y - 18.65 + O.35(X) 0.52 0.090 0.0017 

S04 -- y - -59.49 + O.65(X) 0.72 0.110 0.0001 

N03- y - 32.853 + 1.20(X) 0.82 0.150 0.0001 

C0
3 
-- y - 28.40 + 0.09(X) 0.92 0.007 0.0001 

Note: Y-Electrical conductivity; X-concentration of ion in ueq/l; 
Fe* represents total iron (Fe+2 and Fe+J). 

CONCLUSION 

The five question,> proposcd in Chflpter ] hllve beN) nWlwf'rf·d 

for the 8 catchments leading to several conclus 101\e;. ~ i rc;t. the'rfl Elr(! 

significant differences in mean DOC concentration belween wetland and 

non·wetland catchments. Second, percentaee forest i~ not a go ad 
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indicator of DOC concentration for non-wetland (or even wetland) 

catchments. Third, there are different responses of DOC ta discharge for 

wetland catchments, but non-wetland catchments show a positive 

re1ationship. The reason for the different responses is related ta the 

drainage or hydrologic pathways within the catchments Four, there are 

different seasonal patterns to DOC concentration between the two types 

of catchmcnts. Five, there are differences in mean DOC concentration 

between catchments that can be predicted by sail drainage class (i.e. 

hydrologjc pathways). 

Ec, pH, and cation and anion concentrations can be used ta 

differentiate between types of catchments. Wetland catchments tend to 

have higher DOC, lower pH, lower cation concentration, and lower anion 

concentration th an non-wetland catchments. The exception to the wetland 

pattern changes when farming or sorne other form of disturbance changes 

the surface layers of the soil in the catchment, which can increase 

chemical wCRthering. Non-wetland catchments tend ta have lower DOC, 

higher pH, higher cations and anion concentrations than the wetland 

clitchments. 

Slope and soil characteristics play a raIe in the weathering 

process Steep slopes and permeable soi1s allow water ta percolate 

downward and through thE' sail system quickly. The steeper sloped and 

b(,tter drclined catchments have higher ionic concentrations in stream 

wlit~r than the lower sloped and poorer drained catchments Wetland 

Ccltchment ~ reacts differently than the other three wetland catchments 

bec cluse it& hlope i5 greater Farming 15 also active on Catchrnent 5 

which opens more soil ta chemical weathering Of the non-wetland 

catchments, nwnber 4 has a different pattern of ionic concentrations 
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than the other three. There was no active farming on Catchment 4. 50 tlw 

soil was not as exposed ta chemical weathering as the other three 

catchments. 
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CHAPT ER 4 

INTRODUCTION 

The next phase of the study concerned testing the mode1's 

predictive abi1ity of DOC concentration from simple catchment 

characteristics ta a wider range of catchments. The data set contained 

42 catchments sampled four times from August ta November. 

The 42 catchments (Table 6, p. 21) are from two 

physiographic regions, 17 catchments are in the St. Lawrence Low1and 

south of Montreal and 25 are in the Appalachian Upland east of Montreal. 

The original 8 catchments are included in the Upland group. The two 

regions provide a wider range of slope, drainage, and percent age wetland 

than was encountered in the original eight catchments. 

The Appalachian Uplands are hilly to mountainous and slopes 

range from 8.4% to 49.5%. The drainage in the Uplands ranges from poor 

(1.0) to excellent (4.5). Percentage wetland varies from 0 ta 69% with 

the majority of catchments having less than 20% wetland area. Streams in 

the Upland (with several exceptions) are fast moving and have rocky beds 

where mixing is uniform. 

The St. Lawrence Lowlands are very fIat and slopes range 

from 1.1% to 12.5%. Drainage ranges from very poor (0.0) ta good (3.8). 

Percentage wetland ranged from 0.0 to 79.0% with the majority of 

catchments having greater th an 20% wetland area. Streams in the Lowland 

are generally slow moving and lack the rocky beds found in Upland 

streams. 

In order to test whether the model from Chapter 3 of 
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In(DOC concentration) - ln(Drainage) was useful in a wider L'ange of 

catchments it was run with the data on the 42 catchments. Table 15 shows 

the data from the simple regression. The data show that the model 

accounts for 21 to 37% of the variation in DOC. 

TABLE 15 

Regression For The Sample Data 
On AlI 42 Catchments 

Date Equation S.E. 

August y = 2.85 - 0.88(X) 0.22 0.24 

September y - 2.86 - O.73(X) 0.21 0.19 

October Y - 2.85 - 0.66(X) 0.22 0.14 

November Y = 2.96 - 0.87(X) 0.37 0.17 

Note: Y=ln(DOC concentration); X-ln(Drainage). 

Sig. LevC'l 

0.004 

0.003 

0.017 

0.001 

The assumptions of the model that were satisfied with the 

smaller data set are not valid for the simple (ln DOC-ln Drainage) modul 

with the larger data set. The addition of catchments with more variety 

in physical characteristics causes the model ta lose some of its 

predictive ability. Although the results are significant, the data 

indicate that a multiple regression should be set up ta account for Illon! 

of the variation in the DOC concentration. The following discussion 

deals with two approac1.es ta a solution of the modelling problem. 

REGRESSION RESULTS 

The above section shows that the simple model fails ta 

account for much of the variation in the dependent variable. To remedy 

this, a multiple regression equation was set up using the same variablcH 
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from Chapter 2 as the predictors and DOC concentration as the dependent 

variable. DOC concentration was normalized by tRking the natural log of 

the values. The modpl, In(DOC concentration) = Drainage + Slope + 

Percentage Wetland + Percentage Forest + Area, was used to test the 

hypothesis that there were differences in DOC concentration betwèen 

catchments of varying physical characteristics. In order to facilitate 

testing, the data ~ere divided by sample date. Preliminary tests (PROC 

RSQUARE, SAS, 1982) found that Area and Percentage Forest, combined, 

accounted for mo more than 1% of the variation in DOC concentration and 

wer~ dropped from further consideration. Table 16 shows the results of 

regression for the four sample dates 

Date 

August 

September 

Octobf;'r 

November 

TABLE 16 

Regression For The Four Sample Dates 
On AlI 42 Gatchments 

Equation Stan. Error 

y = 2.6/. - 0.l3(X1 ) 0.02 
+ 0.01 (X2 ) 0.30 
- 0.02 (X3 ) 0.05 

Total: 0.37 0.47 

y - 2.61 - 0.20(X1 ) 0.05 
+ O. 01 (Xz) 0.26 
- 0.OO(X3 ) 0.00 

Total. o 32 0.39 

y - 1. 91 + 0.03(X1) 0.00 
+ 0.02(X2 ) 0.33 
- 0 OO(X3 ) 0.00 

Total: 0.33 0.45 

Y - 2.37 - 0.05(X1) 0.00 
+ 0.02 (X2 ) 0.67 
- O.01(X3 ) 0.06 

Total: 0.73 0.24 

Sig. Level 

0.0012 

0.0021 

0.0018 

0.0001 
--- -- ... - .... - _ .. _ ... ---- --- ..... - ..... - - -_ .. --_ .. -_ .. ---- -- -- .. -_ .. ---- -- ------- -_ .... 

Note: Y-ln(DOC concentration), X1=Drainage, Xz=Percentage Wetland, 
X3-SlopE' 
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The model results were aU signific<mt (p .... a.lH) .Hul tlll' 

standard errors of the estimate were a11 low (0 24 to 0 47) TIlt' 

variance in the residuals was constant, the erro\" tt'nu!! Wl' l-e nOnu.1 Il V 

distributed and independent, and the regression funet ion WM; 1 i IH'.H-

Using easily obtainable data from maps and aeri a l phot ogrdphs ,1 qu ick 

assessment of a catchments potential for DOC l'OIH"(>ntr..lt ion l",lIl tH' 

estab1ished with the model. A stepwihe re~rehhlon (l'ROC STEl'WISE, SAS, 

1985) was u3ed to eva1uate each variables contributioll to tlll' vdridt[oll 

in DOC. 

The presence of slight collinparity (APPENDIX 1» witllin tlll' 

data set was probably the reason tor the low r l vnlu('5 for Dr.lÏlldf,p ,lIId 

Slope. Percentage Wetland accountpd for the IIldjnrÎly (26 tn 6/'1.) ot thl' 

variation in DOC concentration Percl'l1tagp Wpt 1,lI1d Wil5 po,> i t i Vl' 1 y 

re1ated to In(DOC conc('ntration) and cdtcllln('nt!-> with wl'tLlIId "ll'd', ".Id 

higher concentrations of DOC Slop€' and Drdllld~(' varlt'd top,l'thl'I 

(collinear) and were negatively rE'lated lo In(IJOC COIIC('lltl-.tl jOli). l'XCl'pt 

in October Collinearity between Drainage and Slope cnU!->Ph thl' rl'hultH 

to be biased and together they accountpd for belwPC'1I () 0 t () /% of tilt· 

variation in DOC concentration 

The differences in thE' DOC concenlnltioll, </', pn'clictl'd by 

the mode l, werE' more pronounced in November than i Il éllly of t }I(' (Jt hl' 1 

months. The reasons why November had a !'>trong('r predicli VI' ilhi 1 j ty III"Y 

be due to seasonal climatic factors, ~uch li'> chilTly',in~ t l'wIH'ralurf> llt,il 

causes water on the ground 5urface to freezc blockln~ infiltration, 

increased precipitation and higher discharge, and 1 ack of orr,iHlI c. III"! t "1 

input from live plants and/or leaf fall The '>{,il'>Ofl" 1 factor,> I/Iily b(: 

overriding the physical characteristlc5 by changinr, the patbway',. 

sources, sinks, and storage areas of DOC wi thin th(~ calcbmf!Tlt<, 
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Table 17 

Precipitation Data 
1988 

Bonsecours, Quebec 
45° 24' N 72° 16' W 

------------------------------------------------------------
April May June Ju1y Aug. Sept. Oct. Nov. 

Day 
~~---~-------------------------------------------_.~.- ------

1 
2 
3 
4 
5 
6 
7 
8 
9 

la 
1l 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

0.0 
0.0 
2.6 
5.2 
0.0 
0.0 
a a 
0.0 
0.0 
1.4 
0.0 
0.0 
a a 
1.4 
5 8 
2.2 
8.2 
4 2 
0.0 
0.0 
2.0 
7.4 
9.4 
9 6 
a 0 
4 a 
a a 
3 4 
0.0 
3.6 

0.0 
0.0 
0.0 
0.0 
0.0 
a a 
a a 
a a 
o a 
0.0 
1 4 
0.0 

11 8 
a 0 
o 0 

22 0 
o 0 
o a 
0.0 
o 0 
o 0 
o 0 
2 6 
o 0 
7 6 
5 2 
o a 
0.0 
3.6 
0.0 
a a 

0.0 11.4 
0.0 2.6 
0.0 0.0 
o a 0.0 
1.0 0.0 
a 0 0.0 
o a 1.4 
C.O 0.0 
1 6 o. a 
1 4 0 0 
a a 3.4 
0.0 6.0 
o a 2 4 
o 0 12.4 
o 2 2.2 
o 0 1. 2 
o 0 0 4 
o a l 4 
o 0 6.6 
7 8 0.0 
a 0 l 4 

19 2 a 0 
o 0 0 0 
o 4 4.0 

25 6 6.0 
2 0 5 0 
o 0 0.0 
6 8 0.0 
o 0 0.0 

23 4 3.4 
0.0 

0.0 
0.0 

23.4 
a a 

12.8 
6 a 
7 0 
0.0 
3.0 
0.0 
a 0 
6 2 

11. 6 
81. 6 
19 8 
l.6 
l 4 
o 0 
0.0 
3 6 
1 4 
0.0 
0.0 
5.6 
1.4 
a 0 
2.4 

17 2 
5.0 
0.0 
0.0 

0.0 
0.0 
0.0 
6.6 
4.0 
o a 
0.0 
o a 
a a 
o a 
0.0 
5.8 

10.6 
7 2 
o 0 
o 0 

25 2 
a 8 
a 0 

18.2 
1 0 
a 0 
4.2 
0.0 
0.0 
0.0 
o 0 
0.0 
0.0 
0.0 

0.0 
21.0 
0.0 
0.0 
8.4 
0.8 
0.0 
2 2 
7.0 
3.6 
3.4 
l.6 
a a 
2 2 
0.0 
o a 
0.0 
3.6 
0.0 
0.0 
6.0 
4 2 
0.4 
1 8 
1 a 
0.0 
0.0 
7 2 
0.0 
0.0 
0.0 

49.2 
5.8 
0.0 
0.0 
8.4 
2.4 

10.4 
10.4 
0.0 
0.0 
a a 
0.0 

12.0 
2.0 
0.0 
5 4 
3.0 
0.0 
0.0 

11 8 
3.0 
0.0 
a 0 
0.0 
a 0 

14 6 
4.2 
6 a 
0.0 
o a 

-------------------------~~----------------~-~.------- ------

Monthly 
Tot,lls: 70 4 5/ ... 2 82.2 71.2 211.0 83 6 74.4 148.4 

30 YE>ar 
Mean: 74 1 65.6 82.2 90.0 91.9 88.4 75.5 81.0 

Note' AlI values in mm. 
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Precipitation ddta in Table 17 shows that the monthlv 

average of Novemher was higher th an October and SE'ptE'mber and couplt'd 

with the facts that harvest. was over and deciduous fOl"estpd areas wt're 

mostly devoid of leaves, any precipitation falling would avoid 

interception by leaves on trees. The lack of interception in the 

deciduous forested areas means that precipitation has a shorter and 

quicker route ta the ground and ta the stream. Areas with eVE'rgreE'll 

species could still receive inputs of DOC from IE'ave drip. Several 

frosts had occurred in November prior to sampling and ice was present in 

several streams which would indicate that the surface and suhsurLl<'p 

pathways in the soil could have been modified. Prec i p i tat i on fa III ng on 

the frozen surface of the ground as rain, would flow ovpr!and and nol 

infiltrate meaning quicker response of dlscharge to storm pventb. 

As noted above, wetland and non-we t land cat chmpnt S fPSPOlld 

differently to storm events and the differences may bp helghtened in 

la te fall when the non-wetland catchments are devoid of ont> of thplr 

terrestrial vegetative DOC sources (i.e living tree lpavp&), whilE' thp 

wetland catchments stlll have bogs, swamps, and organic 5011& to supply 

DOC. This fact, coupled with the changes in climatic factor~, would 

justify the difference in the predictive ability of the model for 

Novemher. 

The differences in physical characteri~tics hf'twf'fm the 

catchments can he used to predict DOC concentration, but ~PR~onal 

changes affecting sources, sinks, storage areas, and pathwaYb mu~t 81&0 

he considered. Non-wetland catchments tend to show a b(;a~onal pattf'rn 10 

DOC concentration while wetland catchments are more confu~ing. The 

seasonal effect (large in non-wetland catchment&) may he another rea~on 
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why ttH' November data show better prediction of DOC concentration (i.e. 

there i~ a sharp difference between the two types of catchment). 

VARIATIONS IN DOC CONCENTRATION BETWEEN REGIONS 

It was found that there were differences in the overall 

physical characterl~tics between the Upland and Lowland catchments. In 

arder ta te&t whethpr there were differences in DOC concentrations 

between the two regions, multiple regression was employed on two sets of 

data from the 42 cntchments Table 6 (p. 21) shows the break down of 

catchment&, 2~ Upland and 17 Lowland. Two questions were tested with the 

new datd a) was there cl difference in the model's predictive ability 

basad on region, and b) W85 thers a seasonal pattern in the data. 

Di ft erences in DOC concentration between the t\10 regions 

werp soen in the difterent DOC concentrations of streams in the regions 

The main di fft'fe!1CP<; betw{'en catchments in the two regions were drainage 

éHld slop" Dr<lÎnag(' wa<; f.,(·!1prally poorer in the Low1and due to the 10w 

510p(" , Althoup,h not tlH' main foeus of the study, reglonal differenees 

!wtwt'en cdtl'lllnt.'nts of similor size and land use were investigated 

Table 18 &how& the average (of four sample dates) DOC concentration for 

tllE' two regions 

TABLE 18 

DOC By Region 

Region DOC concentration 

Upland 11.6 mg/l 

Lowland 19 4 mg/l 

In order to test whether there were differences in the 

model's predictive ability between regions the data were divided into 
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Lowland and Upland catchments by samplli' date T.lbll' tll shows tlw rl'<,lIl t ~ 

of running multiple regression on the two datd bP(S TIll' d.lt.1 slww th,\( 

there was d difference in the In(DOC concentr.ltion) b~·twt't'n c.ltd\l\lt·llt~ 

in the two regions The model tends to produce mon' signifil'dllt rl'!>ults 

in the Upldnd catchments, except for Novli'mber. Ab b.,e!\ in T,lhlt' 18, tilt' 

November data were anomalous for the whole data spt, bO too Wt'["{' li\(' 

data for November wlwn broken down into region by date TIl(> Illodl'l's 

predictive ability changed over the study period ,md it lb Hot known 

whether this is due to season, physical characterbticb of thl' 

catchmentb, or bath in conjunction 

The sign of each coefficient (X), in Table 19, shows tlll' 

relatiom,hip of the variable to ln(DOC conct-'ntralioll). For the Lowl.llld 

group the Drainage variable carried a negative sign IflPdning thdl 1 t Wdh 

inversely related ta DOC concentration PercenLlpp W(·tlalld initiùlly 

carried a negative sign (August), but it accoullled for IIOIH.' of th(' 

variation ill DOC at thdt time The slgn was po<,illv(' for the olhl'r 

sample date!> (September - November) meaning thdl DOC COllcPlltrat iOIl 

increased with increasing percentage wetland Percentage wetlalld 

accounted for more and more of the explained variation III In(DOC 

concentration) over the study ppriod The sign of the SloJ.l(' C()('t{ICIl'lIt 

was both positive and negative The negativE' <,igll occurn·d wh{!1"(' Slopl' 

accounted for < 0.1% of the variation in DOC concentrdLioll 'l'hl' n'élbOIl 

for the positive sign may lie in the fact that blope!-> arC' v('ry low III 

the region and that siight changes in slGpe may dlter UI<' patbway .... 0/ 

DOC enough to cause difterences in the DOC COllCf'IILratioll in ~,t 1"('<1111'. 

Contrary ta the discussion on siope in Chapter l, DOC LotlcentraUolI'. 

increased with increasing siope in the Lowland Hl AugU',l and OclL,wr 
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TABLE 19 

DOC Concentration For Four Sample Dates 
By Physiographic Region 

... - ...... _--- .......... _-----------------_ ... _-------- ... -------- ... --------------- ...... 
Region Date Equation S.E. Sig. Level 
---_ ... __ .... _----_ .. _--._- ... _-- .... _------------- ... -_ ..... _---------------------
Lowland 

UpLand 

August 
4/8 

September 
21/9 

Detober 
19/10 

November 
30/11 

August 
4/8 

SE'ptembC'r 
21/9 

Oetober 
19/10 

November 
30/11 

y- 2.72 - 0.29(X l ) 

- O.OO(X2 ) 

+ 0.08(X3 ) 

Tota1s: 

y = 2.57 - 0.22(X1 ) 

+ 0.01 (X2 ) 

- 0.01 (X3 ) 

Totals: 

y.. 1. 71 - O.l3(X l ) 

+ 0.02 (X2 ) 

+ 0.09(X3 ) 

Totals: 

y - 2.22 - 0.07(X l ) 

+ 0.02(X2 ) 

- 0.00 (X3 ) 

TotaIs: 

y .. 2.66 - 009(X l ) 

+ 0.02(X2 ) 

- 0 02(X3 ) 

Tota1s: 

y = 2 . 88 - O. 11 (Xl) 
+ 0.02(X2 ) 

- 0.I7(X3 ) 

Tota1s: 

y = 2.38 + 0.05(X l ) 

+ O. 03 (.~2) 
- 0.02(X3 ) 

Tota1s: 

y = 1.57 + 0.11(X1 ) 

+ 0.03 (X2 ) 

+ 0.00(X3 ) 

Totals: 

0.05 
0.00 
0.08 

0.13 

0.21 
0.03 
0.00 

0.24 

0.01 
0.21 
a 04 

0.26 

0.01 
0.59 
0.00 

0.60 

O. 01 
o 52 
0.07 

o 60 

0.01 
0.54 
o 08 

0.67 

0.00 
o 57 
o 05 

0.62 

0.02 
0.31 
0.00 

0.33 

0.75 0.4072 

0.67 0.1822 

0.82 0.4153 

0.38 O. 0041 

0.63 0.0002 

0.43 0.0001 

0.47 0.0001 

0.59 0.0350 
.M _________ • ____ ~~ ____________________________________ _____ w __ •••• ___ _ 

Noll': Y=ln(DOC concentration); Xl""Drainage, X2=Percentage Wet1and, 
XJ~Slope. 
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In the Up1and region Pl'rcentage Wl'ttal\d W,I<; posltlvt'ly 

related to In(DOC conCE'ntrdt ion) P(,l"Cf'llt il,~(, Wpt 1,lIId .\l'collnt t'li for II 1 Il 

57% of the variation in In(DOC conc('ntral ion). Dralll.ll',(' W.IS tlt fll· ... t 

negatively relaL('d Lo 111(1)OC COIIl'('lItrlltloll). thl'II ~l(,.,(IIVt'ly IPllltpl! 

Drainage never accountpd for more thrlll 2% of lhe v,lridt ion [n In(\)OC 

concentration) Stope was lwgat IVf'ly H'Lllpd to 11\(\)OC ('OI\('('lIt',11 [(11) 

except in November when it accoulIll'd for < 0 01% of tht' val'iat ion 

The wodel' S overal1 l'n'dicti ve ald Il ty dt·crt' ..... ,·(l III Nov('lIIhl'1 

for the Upland region which may be associat('(J with l'lllIIat[e Llcton. '(111' 

Upland area E'xperlenccd sPvPlal fro'il" whidl moly hilvl' ('1111· •• ·<1 "llf'l"t[IIII'. 

to the surface of wetland arcas. Standing water alld .... Ilurntpd gnH\JIt\ al 

the surface may have t rOZ('Il, Chdllglllt', t hE' ~lJd "CP 1II1c1 ·.ha 1 low suh',lIl 1.11" 

pathways of DOC in the wet Lllld ('.lt clHII('nU; CII.ltlgp<, III '.Cl"1 ('P'i. fi 1111--';. 

and storagc areilS of DOC w('rp ab.o allPL"t·u du!' tu ,,(· .. ·.Olltt! vllrlntloll'I III 

climate. 

ln order to check wh .. thf>r precipitntioll Il,,d ail (>1 fpct 011 t III' 

DOC concentration that may have cauc;pd the pntt(·rtl ill }"? v,tlUI'<; III 'Llhl" 

18, data from Table 17 was Ubf>U ta get ail eslllllnlp of tll(' ralllI.il 1 011(' 

week prior ta sampling on the four dates. 'lI\(' pr(lcipiLlt iOIl pr!or to tlll' 

four dates are as follows' 

July 28 - AuguQt 4 26.8 111111 

September II .. - Seplf'lIIbpr 21 ~7 ,/1 film 

Octoher 12 - Octabpr 19 7.4 film 

'}I, H 111111 

The precipitatioll data show that tllP lIIod(·I'" ch.JIIglnp, 

predictive ability for the Novelllher data WIlS prohably Ilot dup to 
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pn'clpitatlon alone ln the Upland catcbments the statistical results 

for AUgUbt, September Rnd October are similar in r 2 , S.E., and 

significllnCf', but tbe precipitatioll data were quite variable. Based on 

t.hf' precipitation delta alone, it would appear that November should have 

followpd thf' 'illllll' (Jattel-n as the other three sample dates, producing a 

Idgher r 2 v,tlue. lhe Lowland data show a similar anomaly in the results, 

wherpby Novcmber has much higher r 2 , lower S. E., and is significant at 

p<O.0041. The prpcipitation data indicate that the Lowland statistical 

ref>ults [or NovPlllher bhould have fallen between Dctober and August, but 

tlwy di ct no t . 

SE'a<,O(W 1 change in c limatic factors (ine luding 

precipItatioll) Wd~ probably tllP reason why t.he data did not follow a set 

pllttprll for the whole btudy period August and SeptPlllber wcre still in 

the' r,n)will!~ Sf'af,OI1 a\ld the stlltiqticnl resu]ts [or those daU>s Wf're 

5111111.11" (as w{'u' the precipitation amounts). Autwnn was weIl under way 

by the Oetobe'}" Sdlll!.>le date and tllE' prpcipitation was low prior to 

<,alllpling, bul lhe rl'sulls were similar ta August and September. By mid 

NovellllH'[" colder wf'atlwr had set in and snowfall was recorded on the 2nd, 

20th, dlld JRth. Although precipitation was low prior to the November 

<,al1lp1(> , <;0111(' [acLot- oth(>r than phy~icnl chnracLprI'itic Wélq responsible 

fOl" tllp chnllr,illr, pn·dlctive abiliLy of the model. This points out that 

t'VPII tl\O\lgh thp physlclll chl1rnct!'ristics of catcluJ1C'nt<.: mny be diffef('nt 

,1IJd (,dU~(> di f fe>rf'lIcPs in DOC cOllce>ntratiotl, seasonai variaLions in 

cl illidte ('tllI n150 f'[[('et tllf' DOC cOllcC'lltratiotl. 

It WdS shown in Chapter 3 that three of the four non

wetlands lI,HI distillet se>usotldl patterns in residual data from discharge 

versus date. Seasonul pattern (appearance of a sine-wave shape in 
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residuals) can be used as a separator between c,ltchlll~'nts Tllt' llluitipl., 

regression model also shows the eff~cts of &~a&ondl factor,> on tlll' d.lL1 

set. The sample dates of August, September, and Octobt'r dre a11 sind I~H 

in statistical results (by region) and aIl w~re df.>alt with bt"[OIP tlll' 

season changed dramatically By the November &amp1e date wintt>r-llkt' 

conditions had begun and this was shown in the stati~ti('al r('sult::: by 

the r 2 values and SE values. 

There are severa1 reasons why the model produc('s difff'fput 

results for the Upland and Lowland regions. The Low1and region is mon' 

intensively farmed than the Upland and lllany of the wctlllnd ,lrcas 1l<lv(' 

been turned into fields for crop5 Farmers in the Lowlalld hdVl' cut 

ditches in wetlands ta lower water table&, changing tll(' hydro logÎC' 

pathways of the wetlands Unfortunate1y, tht, only boi i odtn for L1H' 

Lowland was frol~ 1944 and 1950 and the extf'nt ta which identifil'o 

wetlands (from old maps and reports) have changt:'d ib Ilot fully Imowll 

The modification or disturbance of the naturai dnlÏna/',l' and hydrol0f',ic 

pathways in the Lowland caused the model resultb ta hE' biabed The' 

Upland region hab remained fairly stabil i ZE'd, in tE'rm<, of lcmd u<,(', fOI 

the past 20-30 years, sa human disturbance or 1II0dificdl1<H! of hydrolot~l!' 

pathways does not affect the model's predictivp ability in tilt' rc'glOIl 

Differences in the model's predictive ahi1lty IIwy 111<,0 IH' 

related ta the varying physical characteric;tlcs of the catchlIl(>l\t~, TllI'rl 

was a wider range of welland types in the Upland rpE,ioll BedV('r pOlld'. 

and swamps form the maj ori ty of the we t land arp(lS HI thp Up land 

catchments while only four of the catchments have bog<, prebent. III th(' 

Lowland the majority of wet1and area is swamp or former bog. The low 

slope and poorly drained soils of the Lowland are indicative of &wampy 
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land. 111(> Upland catchment's wetland areas are indicative of a more 

diverse and dynamic landscape th an the Low1and. The data may also 

rcflect differences in the way catchmeuts in the two regions reacted to 

the drougl1t condition ... SoUs dry out more during drought conditions 

lhlltl they would undcr normal conditions, changing the flow of water in 

the soil (i.e. hydrologie pathways change). 

By ubing phYbical characteristics of the catchments which 

are influt'Ilced by seasonal changes, sorne confusion arises from trying to 

dcterllline wbether the effect on stream DOC concentration i5 entirely 

physical, entirely seasonal, or a combination of thé two. The effect 

that causl'd the November r(>sul ts shown in Table 18, is related ta 

5ca50nal changes in climatic factors, which in turn, caused changes in 

th(' sources, sinkb, storage areas, and pathways of DOC in the 

catchmenls. 

YATER CHEMISTRY ANALYSES 

The geochemlstry of streams ln the two regions differed as 

shown by the Ec and pH values in Table 20. The differences in Ec between 

the two regions i5 a factor of the different soi1s in the regions. In 

the Upland, so11s tend be be dprived from fluvioglacial processes and 

mctamorphic parpnl material. Salis in the Lowland are .3ssociated with 

Champlain Se;} dqlOsits (sedlmentary) and outwash from the Upland areas. 

LowlllllJ ~,olls contnln IIIOl-e clay and wnler samples in the lab tended to 

producp chloriJe prectpitatcs during digestion. From Table 20 it can be 

cOl\cluJl'd that thp g('och('mlstry of the two r€'gions is qulte different 

nnd this 1\1,1)' llffect the pr(>dictive abUity of the model. There may be 

SOll1C physic,ll characteristic common to Lowland catchments that would 

account for the urH'xplained variation in DOC concentration. 
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TABLE 20 

Average DOC, Ec, and pH For The 42 Catchments 

-----.----------------------------------------- .. -- ............ 

Cat:chment DOC Ec pH 
Number (mg/1) (uS/cm) 
--------------------------------------------.---------

Up1and Catchments 
1 3.9 131 7.1 
2 3.5 153 7.1 
3 7.2 91 6.7 
4 3.8 70 6.8 
5 14.5 78 6.5 
6 32.1 48 6.3 
7 21.9 40 6.3 
8 40.0 36 5.9 
9 10.2 51 6.4 
10 3.0 79 6.9 
11 7.5 126 6.8 
12 5.9 37 6.6 
13 3.9 160 7.1 
14 9.0 152 6.7 
15 3.4 58 6.9 
16 14.0 229 6.5 
17 7.9 58 6.3 
18 9.4 88 6.7 
19 29.6 202 6.8 
20 7.2 71 6.6 
21 17.2 320 6.7 
22 22.1 48 6.2 
23 11.6 113 6.9 
24 24.4 93 6.4 
25 11.2 78 6.9 

Low1and Catchments 
26 7.7 598 7.3 
27 15.2 375 6.9 
28 14.2 554 7.2 
29 4.4 415 7.2 
10 16.5 510 6.9 
31 40.1 453 7.0 
32 8.2 390 6.8 
33 16.1 324 6.8 
34 39.5 327 6.6 
35 7.4 460 7.5 
36 11 1 488 7.4 
37 25.3 536 7.3 
38 11.6 519 7 0 
39 10.1 355 6.9 
40 18.2 606 7.2 
41 29.7 526 7.2 
42 29.4 167 6.4 
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The pH of the Lowland catchments is generally higher than 

the Upland catchments, which is a function of the different geochemistry 

of the stream water and different soils in the two regions. Even though 

tharo may be wetlands producing large amounts of acidic water (DOC-

rich), the buffering effect of ions in soils keeps the pH higher in the 

Lowland thon wou1d be the case in the Upland where concentrations of 

Ions are lower. 

CONCLUSION 

Percentage Wetland accounts for the majority of the 

varIation in In(DOC concentration) in the 42 catchments. The area of a 

catchment covered by wetland can be easi1y obtained from soi1s maps and 

o~rinl photographs allowing for a quick check of a catchment's DOC 

cOllcentrot ion A nittural log transformation of DOC concentration was 

!WCCSf>ary for adherence ta the regression rules of linearity, 

i n(\('lH'ndc'lIc(, and cons tancy of error terms, and normal i ty No such 

tr.lllf..[ormdtion was n(>(>ded for the independent variables. Regression 

nnalysis bhowed that Percentage Wetland accounted for between 26 and 67% 

of the variation in In(DOC concentration) over the four samp]e dates. 

Water chemistry dnalyses pointed out that there were 

diffC'r('tlccs in str(lclm wùter chemistry between the two regions Different 

soils élnd pan'nt material were responsible for the different ionic 

conc<'llll'ations (indicated by the Ec values) of streams in the two 

rt'gions L.lboratory findings of precipitates of chloride in many of the 

Lowland bnmp}f's and 110ne of the Upland c;amples reenforced the idea that 

stn'nm w.ltt'r c1lC'mistry varied between regions. Ta what extent the 

di fff>r(ll\cP in slop~' bctw(>('n the two regions affected the streéllll water 

d1l'lIll~trv 1<, llot knowll at this time. 

82 

.. 



CHAPT ER 5 

CONCLUSION 

The above review and discussion have determined that there are 

differences in the DOC concentration between catchments based on physical 

characteristics of the catchments. The differences in physica1 

characteristics are manifested in different drainage patterns, s1opes, 

and percentage wetlands in the catchments. Differences in the DOC 

concentration between catchments are a1so associated with varying 

geochemical components of stream water, such as electrical conductivity, 

pH, and cation and anion concentrations. 

Statistical methods showed that there was a significant 

difference in the DOC concentration of catchments with different 

percenteges of wet1and, slope and drainage patterns. Multicollinearity in 

the data and 1ack of linear relationships between ln (DOC concentration) 

and aIl but one variable led to a final model for the eight original 

catchments including on1y ln(Drainage). The interrelationships 

(collinearity) between drainage, slope and percentage wetland are 

important beeause soil characteristics tend to b(" the main control on 

water movement through a catchment. The hydrologic pathways of water, 

within a catchment, are functions of slope and soil drainage capability 

(i.e. permeability). The presence of wetland in a catchment la also a 

function of slope and drainage capability. 

The model (ln(DOC concentration) - In(Dralnage) provides 

significant results based on the original data set, but not with the 
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extended (42 catchment) data set. One problem was with old soUs data 

(circa 1947, 1950) on which the Drainag" Viir iab1€' was h'lSt'd. A IIlUt t 1 P 1 (' 

regression equation was forlllulated to hancHe th(' eXl"l\(lpd d.tta Sl't. 'Ih(' 

multiple regression model was In(DOC COllCf>ntrlltioll) - Drllltlllgt' t 

Percentage Wetland + Slope and explained betwet'n 33 and 7l~ of tl\(' 

variation in DOC concentration. The 42 catchment data s"t was dlvid{'d 

into two groups: a) by date, and b) by region and date. 

The predictive ability of tl\(' lIIod('l WfiS dlfi"r"nt by dal(' 

indicating a possible seasonal pattern ta DOC concentrdtlon. A SCHSOIl,d 

pattern was established in the origi nal data set, wh i dl W<le; El part 0 f 

the extended data set, and the regression results courl rnwd i t ln th" 

extended data set. Seasonal chHllge was Ilot the ollly factor ln llIP modC'l<J 

varying predictive ability. Seaf,onal chilnr,es tf'nd to CilU<O(' chang!',> in 

the sources, sinks, storag4:' aH-as, aud pathwllYs of DUC; wlthln li 

catchment 50 that it is difficult to separate seasonal infLupn('(> from 

physical characteristics. 

Regional differences between the St. Lawrence LowLlIlcl and 

the Appalachian Upland were established [rom the secolld p,rouping of 

data. The models predictive abi lit y was dift{'rent for the two eroup'-l. 

The values were more significant (although there was mu! ticoll ffll'nrl ty 

in the data) in the Upland th an the Lowland, pxcept for NovpwlH'r The 

Upland catchments were more varled ln physiclIl cllIlrnctf'rl<otic<J whlch 

seemed ta help in predicting DOC concentration. Howc'vpr, in NovPlIIllI'r t III' 

model was not able to account [or more than 25% of tJu' vnri at iOIl 1 n ()()C 

concentration. The Lowland data showed the opposi te t n'II(I, whf'rpby, thro 

model was unable ta account for more than 30% of the variation in [)()C 
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conc~ntration in August, September, and October. 

One reaqon why the model showed different predicti" e abilities 

in the Lowl and region was due ta the amount of disturbance, farming 

octivity, to the catchments. Disturbance has been seen (Meyer and Tate, 

1983) to change the response of sorne cotchments, but not aIl (Meyer et 

al., 1981) ta precipitation events This change is a result of changing 

hydrologie pothways, sources, sinks and storage areas vithin the 

ca tchments. Changj ng the hydrologie pathways of former wetland areas also 

allows precipitation to percolate deeper in ta the sail and DOC ta be more 

readily adsorbed. Removal of top layers of peat in former wetlands 

reducQs the input of organic material ta the sail. Cutting drainage 

ditches in former wetlands lowers the water table and reduces the 

saturated area of a catchment and improves the waters ability to 

infiltrate and perco1ate deeper into the sail. AIl of this leads ta lower 

DOC concentration in streams f10wing out of former wetlands, which 

comprisE'd a large percentage of the catchments in the Lowland region that 

wpre used in this study. More recent data on &oil and drainage conditions 

m,IY help improve the predictive ability of the model in the Lowland 

rE'gion. 

Seasonality of DOC concentration was conclusive in only three 

non-wpt Lmd catchments in the original eight catchments Wetland 

cdtchmpnts experlcnced a spring low and rapid rise through the growing 

season and a dec 1 int" in late fall. Non-wetland catchments DOC 

cOlH'entratlons remained constant through spring and fluctuated in summer 

.Illd declilwd in early faU. Eleetrical conductivity dnd pH followed 

definite patterns for non-wetland eatchments and a more random pattern 
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for wetland catchments, implying different responses for the lwo typ~s ot 

eatchments. 

Seasonal patterns of DOC concentration are a funetion of 

elimatic factors which affect: the growing season of plants (sourCl'&), 

ground cover (sources and storage areas), soil temperature (freeze-thllw 

alters pathways), water temperature (biologie sources), precipitation 

input (sources and pathways), fanning activity (sources and pathways), 

floods (sources, storage areas and pathways), and dischargf' (sourCl'& ,ml! 

storage areas). Lack of precipitation during the summer (June, July and 

September) drought eaused the usual hydrologie pathways to 1)(' .11 Lerpt!. 111 

November, as winter approached, climatic factor& begdn rtllf'dng the 

hydrologie pathways creating different conditions in the stream watl'r. 

Based on the evidence from the above s tudy wh ich shows lha t 

wetland and non-wetland catchment differ significantly in DOC 

concentration because of different physical characteristics o[ thl' 

catchments, i t was shown that soil drainage, percentage wPll and, il ml 

slope provide the best means of predicting m(>an (annual) DOC 

concentration in stream water, at the smaU catchmC'nt level Al thüup,ll 

correlated these three characteristics can be used in mu 1 tlplf' rep,r«b'.lon 

and are easily obtainable from published sources 
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APPENDIX A 

Table 1 Eleetrieal eonduetivity CEe) by date. 

Table 2 pH measurements by date. 

Table 3 DOC concentrations by date 
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Table 1 

Electrical Conductivity By Date 
(uS/cm) 

------------------------------~-------------~--------------

Date #1 12 lt3 14 15 16 17 18 
---------------------~-------------------------------------

Aprll 14 88 109 64 45 60 44 30 27 

April 20 73 91 58 40 51 48 30 29 

April 29 81 92 66 43 63 50 31 30 

May 13 121 153 79 56 69 46 35 27 

May 19 96 122 76 52 63 4'7 33 27 

May 26 107 144 86 53 80 48 36 34 

June 3 133 165 87 65 72 49 39 28 

June 8 163 179 108 83 80 50 48 32 

June 15 200 197 124 101 92 54 60 40 

June 19 215 204 157 104 99 55 57 75 

June 23 219 205 98 78 99 53 54 81 

June 30 151 192 108 79 91 54 40 35 

July 5 118 152 89 74 59 48 38 33 

July 7 144 163 99 81 67 47 46 31 

Ju1y 14 188 194 105 106 92 44 52 32 

July 21 178 191 119 97 91 54 51 29 

Ju1y 27 162 208 98 91 107 54 48 ]6 

August 4 172 174 74 82 90 45 41 56 

August 11 141 162 87 86 91 44 45 56 

August 18 101 126 90 71 67 50 45 39 

August 25 138 177 101 81 80 48 44 31 

August 28 143 176 118 86 90 50 47 34 

Sept. 1 129 168 95 78 79 48 43 32 

Sept. 8 154 187 102 87 89 51 41 29 

Sept. 18 114 139 104 65 106 49 39 ]5 

Sept. 21 91 112 71 52 70 43 30 7H 

Oct. 9 100 131 82 55 65 45 31 29 

Oct. 16 90 110 75 52 68 45 30 27 

Oct. 19 116 140 86 63 74 51 35 31 

Oct. 30 110 136 89 61 76 53 34 33 

Nov. 20 81 103 65 44 63 40 31 29 

Nov. 30 74 90 59 40 60 40 30 27 

Mean 130.9 152.8 91.2 70.4 '78.1 48.2 40.3 35.7 

Variance 1618.1 1286.0 438.6 372.1 216.8 16.0 71. 8 167.7 

S.Dev. 40.2 35.9 20.9 19.3 14.7 4.0 8.5 13.0 

~----------------------------------------------------------
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Table 2 

pH By Date 

---------------~~----------------------------------------

Date #1 #2 #3 #4 15 #6 #7 H8 
---------------------------------------------------------
Apr 11 14 6.8 7.0 6.3 6.1 6.7 6.5 7.0 5.9 
Aprll 20 6.9 6.6 6.7 6 . 8 6.4 6.6 6 . '7 5.9 
Apr i 1 29 7.0 6.6 6.6 6.6 6.6 6.6 6.7 6.0 
May 13 7.1 7.0 6.4 6.6 6.6 6.4 6.3 5.7 
May 19 7.2 7.4 6.8 6.9 6.7 6.6 6.6 6.2 
May 26 7.3 7.4 6.9 6.9 6.8 6.2 6.8 6.9 
June 3 7.5 7.6 6.9 7.2 7.0 6.9 6.6 6.2 
June 8 7.4 7.8 7.0 7.0 6.9 7.2 6.6 7.0 
June 15 7.5 7.6 6.9 7.2 7.0 7.0 6.7 6.4 
June 19 7.5 7.5 7.2 7.2 7.2 6.9 7.2 7.0 
June 23 7.5 7.8 6.9 7.1 7.0 7.0 6.8 6.6 
June 30 7.1 7.3 6.6 6.7 6.6 6.7 6.2 6.2 
July 5 7.2 7.0 6.7 6 . 8 6.2 5.2 6.1 5.1 
July ~ 6.3 7 . 2 6.9 6.9 6.5 6.1 6.3 5.6 
July 14 7.2 7.3 7.0 6.9 6.4 6.3 6.3 5.4 
July 21 7.5 7.1 7.2 7.1 6.4 6.5 6.3 5.7 
Ju1y 27 7.4 7.5 6.7 7.2 6.6 6.8 6.1 6.1 
August 4 7.5 7 . 3 6.7 7.2 7.0 6.3 6.3 6.5 
August Il 7.8 7.7 7.2 7.3 7.2 6.8 7.1 6.9 
August 18 7.0 7.3 6.9 6.9 6.1 6.6 6.4 5.0 
August 25 7.5 6.9 7.2 7.1 6.4 6.0 6.3 5.4 
August 28 7 . 4 7 . 4 7.1 7.0 6.6 6.4 6.4 5.5 
Sept. 1 6.2 6.7 6.0 G.O 5.8 5.2 5.9 5.1 
Sept. 8 7.3 6.9 6.5 6. 4 6.2 6.8 6.6 5.8 
Sept. 18 7.1 7 . 3 6.6 6.0 6.4 6.8 6.4 6.1 
Sept. 21 6.4 6.1 5.8 6.2 6.1 5.0 5.5 5.7 
Oct. 9 6.7 !:. .9 5.9 6.4 5.7 5.2 6.2 5.7 
Oct. 16 6.3 5 4 5.6 6.3 5.8 5.2 4.8 4.8 
Oct. 19 6.5 6.6 6.3 6.4 5.9 5.6 5.7 5.5 
Oct. 30 7.3 7.1 6.9 7.0 6.5 5.5 6.5 5.4 
Nov. 20 7.2 7.1 6.9 6.8 6.5 5.5 6.1 5.4 
Nov. 30 7.1 7.3 6.9 6.7 6.5 5.5 5.8 5.3 

Mean 7.1 7.1 6.7 6.8 6.5 6.3 6.3 5.9 
Var lance 0.2 0.2 0.2 0.1 0.1 0.4 0.2 0.3 
S.Dev. 0.4 0.5 0.4 0.4 0.4 0.6 0.5 0.6 
---------------------------------------------------------
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Table 3 

DOC concentratlon By Date 
(mg/l) 

------------------------------------------------------ ---
Date ln ft2 ft3 #4 !t5 !tG !t7 #8 

---------------------------------------------------------
April 14 3.9 4.0 5.3 3.7 8.5 13.8 10.4 19.8 

April 20 2.7 2.2 4 . 4 3.8 10.3 22.8 12.4 33.7 

April 29 4.6 3.7 5.1 3.1 14.6 21.1 14.3 30.7 

May 13 4.2 4.5 5.7 4.6 13.0 28.5 18.0 31 .5 

May 19 4.0 3.3 6.4 3.6 14.7 35.3 21. 4 38.3 

May 26 4.3 3.0 5.8 4.0 18.0 31.1 22.7 38.8 

June 3 4.5 3.5 5.7 4 . 3 15.7 44.5 23.5 73.4 

June 8 3.3 4.2 4.7 3 . 4 16.2 31. 9 36.1 39.9 

June 15 3.9 L.9 13.8 3.7 14.7 30.2 34.4 43.0 

June 19 1.9 1.8 5.3 2.4 10.3 20.9 14.8 41.8 

June 23 3.0 3.6 7.6 3 . 4 17.1 28.8 17.9 32.7 

June 30 2.9 2.9 5.9 2.5 19.3 30.0 20.6 25.4 

Ju1y 5 2.5 2.9 5.4 2 . 4 14.5 35.7 20.7 37. J 

July 7 2.3 1.8 4.0 2.3 11. 5 29.6 19.4 39.1) 

July 14 2.5 3.4 9.5 1.7 13.0 38.1 23.2 45.5 

July 21 2.9 2.3 9.1 2.5 12.7 28.9 19.4 45.3 

Ju1y 27 2.2 2.2 5.5 1.7 Il.3 22.4 21. 8 ") 7 . 4 

August 4 7.4 5.6 10.0 5.2 23.5 31. 8 28.4 43.2 

August Il 3.1 2.1 6.8 3.3 18.7 3 4 . 9 22.4 42.8 

August 18 3.3 2.5 5.5 2.9 16.9 32.0 24.1 42.3 

August 25 2.9 2.8 6.7 3.3 12.9 27.0 25.4 46.7 

August 28 2.1 2.2 4.9 2.6 10.0 39.4 20.8 47.7 

Sept. 1 2.6 2.3 6.5 3 . 3 10.0 36.8 23.8 51.9 

Sept. 8 6.7 6.3 11.3 6.9 10.0 30.5 28.6 35.7 

Sept. 18 5.0 4.9 9.6 6 . 4 15.8 34.7 34.4 44.') 

Sept. 21 3.8 3.3 11.9 4.0 16.0 37.9 21. 3 33. fi 

Oct. 9 6.8 5.3 9.5 5.5 18.3 46.3 24.8 46.3 

Oct. 16 5.3 5.5 9.1 5.5 18.5 45.2 24.8 44.2 

Oct. 19 5.5 5.2 8.9 5.0 12.8 32.8 21. 7 30.7 

Oct. 30 4.6 4.3 7.7 4.5 15.4 37.6 20.6 38.1 

Nov. 20 4.5 3.8 6.7 4.7 17.1 35.6 14.8 42.9 

Nov. 30 4.7 4.2 6.6 4.9 Il.6 30.1 14.3 35.8 

Mean 3.9 3.5 7.2 3.8 14.5 32.1 21.9 40.0 

Variance 1.9 1.4 5.6 1.6 11. 5 49.9 35.4 81.4 

S.Dev. 1.4 1.2 2.4 1.3 3.4 7.1 6.0 9.0 

------------------------------------------------------ ---

A-4 



APPENOIX B 

Tabl~ 1. Results from a non-parametric test (NPAR1WAY) of DOC data 
for the original eight catchments 

Table 2 Results of correlation analysis (CORR) on the data set 
for the original eight catchments 

Table 3 Results of a test for multicollinearity (COLLIN) 

Abhreviations used in this Appendix are. 

LOOC = natural log of DOC Concentration. 
LPCTWET = natural log of Percentage Wetland 
LORAIN = natural log of the Drainage. 
LSLOPE = natural log of the Slope 
LPCTFOR = natural log of the Percentage Forest 
LI\IŒA = natural log of the Area. 
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Table 1 

-----------------------_ ..... _--------_ .. _-----------------------_._----

Ana1ysis For Variable DOC Classified By Variabll' Cdtchull'llt 

Ana1ysis Of Variance 

Leve1 N Mean Among MS Wlthill MS 

Non-wet1and 4 4.35 1030 'J8 

Wetland 4 27.05 
F Value 
16.58 

Wilcoxon Scores (Rank Sums) 

Sum of Expect..ed Std. 

Leve1 N Scores U.1d(' r Ho Undpr 

Non-wet1and 4 10.00 18 00 3 1.6 

Wet1and 4 26.00 18.00 ~ . Id) 

Wilcoxon 2-samp1e Test (Normal Approxim.ll jOli) 

(With Continuity Correction Of 0 5) 

6:> 1 J 

l'loh ..... F 
o llllOhfJ 

Dl'V M('dll 

\In Scon' 
') , 'J() 

() . ') () 

S la 00 z = -2 1651 Pro!» 1 z 1 ~ () () 10/1 

T-test Approximation Signiflcance = 0.06/1 

Kruska1-Wallis Test (Chi-Square Approxim<lt jon) 
Chi-Square = 5.33 DF = 1 Prob> Chi-Squan.· ~ O.()/(J'j 

------------------------------------------------------------ ... - ... -----

Note: Taken from SAS (1982) printout of PROC IU.t: Chl-Squdn' Vdl'I(' 

is the test (underlined value) stati~tic for tbl' l'xpl:lIl.lt I{JII 

in the text. 
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Table 2 

Results Of The CORR Procedure 
A Test For Correlation Between Variables 

Pearson Correlation Matrix 

LDOC LPCTWET LSLOPE LDRAIN LPCTFOR LAREA 

LOOG 1 000 0 924 -0,868 -0,943 0.688 0.700 

LPCTWET 0.924 l.000 -0.670 -0.926 0.816 0.810 

LSLOPE -0.868 -0,670 1.000 0.792 -0.487 -0.453 

LDRAIN -0 943 -0 926 0.792 1.000 -0.584 -0 740 

LPGTFOR o 688 0 816 -0.487 -0.584 1 000 0.740 

LAHEA o 700 0.810 -0.453 -0.740 0.740 1.000 

Note AlI values are significant between 0.001 and 0.260 
level of confidence. From PROC CORR printout (SAS, 
1982) 

Table 3 

Diagnostic Test For Multicollinearity 

Parameter Estimates 

V.lri.1hlp DF Estlmate S.E. t (HO. b=O) p > t 

lllt prc('pt 1 5.197 0.823 6 320 a 003 
Lpctwet 1 o 150 0.070 2 151 0.098 
Lb1op<.' l -0.920 0.341 -2.693 a 055 
Ldrilin 1 -0 245 o 618 -0 396 0.712 

Collinearity Diagnostics 

NUIllIll' r Condition Var Prop. Var Prop Var. Prop. Var. Prop. 
Nlunhl'r Intercept Lpctwet Ls10pe Ldrainage 

1 000 a 001 0.000 a 000 0.003 
2 l 581 o 000 0.100 0.000 o 001 

11 . <)35 o 148 0.866 0.010 o 711 
/. 25 /61 0.851 0 035 0.990 o 285 

Note From PROC REG printout (SAS, 1982). 
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APPENDIX C 

Table l. Cations, Anions, and DOC concentrat ions 

Figure l. Plot of Ec vs Calcium. 

Figure 2. Plot of Ec vs. Potassium 

Figure 3. Plot of Ec vs. Magnesium 

Figure 4 Plot of Ec vs. SodilUn. 

Figure 5. Plot of Ec vs. Iron. 

Figure 6. Plot of Ec vs. Chloride. 

Figure 7. Plot of Ec vs. Nitrate. 

Figure 8. Plot of Ec vs. Sulfate. 
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TABLE 1 

Cation, DOC, and Anion Concentrations 

-_._------- .......... _--- ........... -_ ...... _------ ...... _---_ ..... __ .. _---------------- .. --------

------------------------------------------------------------------ .. ------
20/11 

30/1 1 

'1 
J 

8 '. 

) 

/ " 

f 

f 

f 

f 

f 

0.1 394 22 183 90 5 6 7 108 24 

o 2 225 7 13 51 5 4.7 46 11 

o 1 527 23 228 93 5 4 5 131 23 

o 1 670 25 293 101 5 3.8 174 58 

o 8 229 9 78 54 8 14.8 58 3 

3 0 403 Il 86 122 17 35.6142 3 

4 0 294 8 81 44 20 42 9 51 1 

o 3 357 25 162 88 6 17 1 154 30 

o 334 21 164 70 5 6.6 101 26 

o 2 201 4 110 35 5 4 9 27 13 

o 1 441 20 192 75 5 4 7 llO 14 

o 1 567 23 255 83 5 4 2 147 51 

1. 6 186 5 73 44 9 4.3 77 4 

3 0 357 7 81 124 13 30.1 144 l 

5 0 261 7 73 42 17 35.8 31 0 5 

o 3 298 26 143 76 6 11 5 133 29 

182 374 

184 266 

204 590 

204 758 

126 80 

167 34 

128 

188 262 

183 386 

17 5 214 

223 520 

205 698 

174 28 

129 10 

184 268 
-------------------------------------------------------------------

Note * denotes wet1and catchments. 
f d0notes catchments with active farming operations 
AlI values given in peq/1 except DOC which is mg/1. 
Fe is total iron (+2 and +3). 
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Ee vs. Ca le 1 um 
700 

li 
<1{ 

soo 

0 

u 

"'" 0 

~ " u <cc c 0 

v D 0 

B 0 

300 0 0 

c 
0 0 

JOO c 

" 
100 -,-- -T-- - r ---

20 ." "" "" 111U 

Etectl'"lcel CondUCtlvlty (\.fifm) 

Figure 1 

Ec vs Potassium 
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Ec vs Magnesium 
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ëc vs Sodium 
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Ec vs Iron 
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Ec vs Ch lor Ifjt'\ 
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Ec vs Sulfate 
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APPENDIX D 

Table l. Pearson Correlation Matrix for the 42 (',ltChllll'llt!. ll!-.in!', 

Percentdge Wetland, Drainage, SlOpt'. PPl"l't'lltdgt' F01·l·~t. 

and Area 

Table '2. Analys iE. of variance and coll ineari ty diagllost les f 0\' 

Percentage Wetland, Drainage, and Slopp 
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Table 1 

PEARSON ~ORR~lATION COEFFICIENTS / PROB > IRI UNDER HO:RHO=O / N 42 

PCTWET SLOPE DRAIN PCTFOR AREA 

PCTWET 1 00000 -0.64647 -0 65229 0.18954 0.06153 
o 0000 0.0001 0.0001 0 2293 0.6987 

SLOPE -0 646'~ 7 1.00000 0.54740 0 10600 0.00839 
0 0001 0.0000 0.0002 0.5041 0.9580 

J)IV\ 1 N -0 6':l229 0.54740 1.00000 -0.05484 0.03548 
o 0001 0.0002 0.0000 O. 7301 0.8235 

1'(;TFOI{ 0.18954 0.10600 -0.05484 1 00000 0.22504 
0 2?93 0.5041 0.7301 0.0000 0.1519 

AI~ FA 0 U6153 0.00839 0.03548 0.22504 1 00000 
0 6Y87 0.9580 0.8235 0.1519 0 0000 

----------- ... -.-----_ ... _ ..... -- .... -- ... ---------------------------------------

No t (' Tdkl'I\ t rOI\l SAS (1985) printout. PROC CORR. 
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Table 2 

ANALYSIS OF VARIANCE 

SUM OF MEAN 
SOURCE DF SQUARES SQUARE 

MODEL 3 15 99201053 5.33067018 
ERROR 38 5,92090853 0.15581338 
C TOTAL 41 21. 91291905 

ROOT MSE 0.394732 R-SQUARE 
DEP MEAN 2.427786 ADJ R-SQ 
C,V. 16,25893 

PARAMETER ESTIMATES 

PARAMETER STANDARD 
VARIABLE DF ESTIMATE ERROR 

INTERCEP 1 2 37854130 0,24114496 
PCTWET 1 0.01888660 o 004120823 
SLOPE 1 -0.01426990 o 005435837 
DRAIN 1 -0.052/,2736 o 07419908 

F VALUE 

34 212 

0.7298 
O. 7085 

T FOR 110 
PARAMETER=O 

9,86/, 
t. 583 

-2 6Î) 

-0 /0/ 

COLLINEARITY DIAGNOSTICS 

l'IWB>F 

n,OOO! 

l'ROB:> 1'1'\ 

0 0001 
(J (JOO! 
() () l ') l, 
() l, Hill 

CONDITION VAR PROP VAR PROP VAR l'ROI' VAR l'HO!' 

NUMBER EIGENVALUE NUMBER INTERCEP PCTWET SLOPE DRAIN 
1 2 953206 1 000000 0.0070 o 010S o 0198 () 01')1 

2 0.856631 1 856735 0.0013 o 18/,0 0 0668 (J (J(J' j \ 

3 O. 1l.8802 4 454944 o 0095 o 0903 0 8011 (J ~/, ~ 1 t 

4 0.041361 8 449849 0.9822 0,7148 () 1 l ')./. (J () \/1 1 

----------------------------------------------------------------------
Note: Taken from SAS (lQS5) printout, PROC REG, 
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